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OFFICIAL APPOINTMENTS 


ADMIRALTY. Vacancies exist for Electrical 
and/or Mechanical Engineering Draughtsmen in 
Admiralty Research and Development Establish- 
ments located in the vicinity of Weymouth, 
Portsmouth, Teddington (Middl ), and Bal- 
dock, Herts. Draughtsmen experienced in light 
current, electro-mechanical, precision mechani- 
cal and electronic equipment are particularly 
needed. Candidates must be British subjects of 
21 years of age and upwards, who have had 
practical workshop experience (preferably an 
apprenticeship) together with Drawing Office ex- 

rience. Appointments will be in an unestab- 
ished capacity but opportunities may occur for 
qualified staff to compete for established posts. 
The salaries offered, depending on age, experi- 
ence, ability and place of duty, will be within 
the range £320—£560 p.a. Hostel accommoda- 
tion is available at some Establishments, Appli- 
cations stating age and details of technical 
qualifications, apprenticeship (or equivalents), 
Workshop and Drawing Office experience, should 
be sent to Admiralty (C.E.II, Room 88) Empire 
Hotel, Bath, quoting DM/R.D Original testi- 
monials should not be forwarded with applica- 
tion. Candidates required for interview (at 
London or Bath, whichever is nearer) will be 
advised within two weeks of receipt of 
application. 2984 





ADMIRALTY. Applications are invited from 
Engineering, Electrical and Ship Draughtsmen 
for temporary service in Admiralty Depart- 
ments at Bath. Candidates must be British 
subjects of 21 years of age and upwards, who 
have had practical Workshop and Drawing 
Office experience. Salary will be assessed 
according to age, qualifications and experience 
within the range £320-£545 per annum. Appli- 
cations giving age and details of technical 
qualifications, apprenticeship (or equivalents) 
Workshop and Drawing Office experience, 
should be sent to Admiralty (C.E.II, Room 88), 
Empire Hotel, Bath. Candidates required for 
interview will be advised within two weeks of 
feceipt of application. W 137 


APPLICATIONS are invited by the Ministry 
of Supply for the following unestablished 
appointments at the Royal Aircraft Establish- 
ment, Farnborough, Hants.:- Physicists or 
Mathematical Physicists. (1) Principal Scientific 
Officer. Candidates should have experience of 
Radar systems analysis and war-time operational 
research. A_ strong mathematical bias is 
desirable. Ref. A 133/51A/BE. (2) Senior 
Scientific Officer, for theoretical investigations. 
A knowledge of statistical methods is desirable. 
Ref. A_ 134/51A/BE. Aeronautical Engineer. 
(3) Senior Scientific Officer, with experience in 
planning and_ analysis of Flight trials and 
application of results to project design. A 
knowledge of servo mechanism theory and 
practice is neues, experience of liaison with 
industrial firm an advantage. Ref. 
C 217/51A/BE. ” physichts, Mathematicians or 
Engineers. (4) Senior Scientific Officer, with 
research experience involving arithmetical 
applications of mathematics in the analysis of 
physical data, and the formulation of problems 
for solution by automatic computing machinery. 
A knowledge of aerodynamics an advantage. 
Ref. A 135/51A/BE. (5) Senior Scientific 
Officer with wide experience of methods of 
measurement in physics or engineering research, 
experience and up-to-date by eae of elec- 
tronics. Ref. A  136/51A/BE. Candidates 
should have a first or second class Honours 
Degree in the appropriate subject and at least 
3 years post-graduate research experience is 
necessary. For the P.S.O. post candidates 
must be at least 31 years of age, for the 
S.S.O. post at least 26 years. Salary will be 
determined on age and on an assessment of 
the successful candidates’ qualifications and 
experience within the ranges:- Principal 
Scientific Officer—£960-£1,295. Senior Scientific 
Officer—£720-£910. Rates for women some- 
what lower. Posts carry benefits of F.S.S.U. 
Application forms obtainable from Technical 
and Scientific Register (K), York House, 
Kingsway, W.C.2, quoting appropriate reference 
number. Closing date 22nd neem pik 
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ASSISTANT (SCIENTIFIC) CLASS: The Civil 
Service Commissioners give notice that an Open 
Competition for pensionable appointment to 
the basic grade will be held during 1951. In- 
terviews will be held throughout the year, but 
a closing date for the receipt of applications 
earlier than December, 1951, may eventually 
be announced either for the competition as a 
whole or in one or more subjects. Successful 
candidates may expect early appointments. 
Candidates must be at least 174 and under 26 
years of age on Ist January 1951, with exten- 
sion for regular service in H. Forces, but 
other candidates over 26 with specialized ex- 
perience may be admitted. All candidates must 
produce evidence of having reached a pre- 
scribed standard of education, particularly in a 
science subject and of thorough experience in 
the duties of the class gained by service in a 
Government Department or other civilian 
scientific establishment or in technical branches 
of the Forces, covering a minimum of two 
years in one of the following groups of scientific 
subjects:- (i) Engineering and Physical sciences. 
(ii) Chemistry, bio-chemistry and metallurgy. 
(iii) Biological Sciences. (iv) General (including 
geology, meteorology, general work ranging 
over two or more groups (i) and (iii) and highly 
skilled work in laboratory crafts such as — 
blowing). Salary according to age up to 

Men £215 (at 18) to £330 (at 25)—£455; J oe 
less in the provinces and for women. Oppor- 
tunities for promotion. Further particulars 
and application forms from Civil Service Com- 
mission, Scientific Branch, Trinidad House, 
Old Burlington Street, London, W.1, quoting 
No. S 59/51. Completed application forms 
should be returned as soon as possible. W 2053 


B.B.C. invites applications for post of Engi- 
neer, Planning and Installation Department, 
London. Good basic knowledge of electrical 
engineering and some knowledge of television 
are essential. University Degree is desirable 
though’ not essential. Preference to applicants 
with practical experience of cinematographic 
equipment used for sound and picture record- 
ing. Work is chiefly concerned with use of 
films for television purposes and duties will 
include assisting in preparation of specifications 
for supply and manufacture of television equip- 
ment, supervision of installation, acceptance 
trials at works and conduct of relevant corre- 
spondence. Salary £745 (possibly higher if 
qualifications exceptional) with 5 annual incre- 
ments to maximum £965. Applications, stating 
age, qualifications and experience to reach 
Engineering Establishment Officer, Broadcasting 
House, London, W.1, within 7 days. W 2092 


CROWN AGENTS FOR THE COLONIES. 
Assistant Engineer (Electronics) required for 
the London Office. Salary scale £475 a year 
rising to £750 a year. The £475 minimum is 
linked to entry age at 25, with the addition 
of £25 a year for each year above that age 
up to £6090. Extra duty allowance of 8 per cent 
of annual salary also payable at present. 
Engagement will be on _ unestablished terms 
with a prospect, after satisfactory service and 
as vacancies occur of appointment to the 
established and pensionable staff and of pro- 
motion to a higher grade. Duties consist of 
the purchase of all types of telecommunica- 
tions, broadcasting and public address equip- 
ment and advising Co!onial Administrations on 
problems connected therewith. Cand idates 
should be capable of preparing specifications in 
sufficient detail to enable tenders to be called 
for an adjudicated thereon when_ received. 
They should be between 25 and 35 years of 
age and preferably have a Degree in electrical 
engineering (telecommunications and__ elec- 
tronics) or be corporate members of the Insti- 
tution of Electrical Engineers or have equiva- 
lent, qualification. Apply at once by letter 
Stating age, full names in block letters and full 
particulars of qualifications and experience and 
mentioning this pores. te to the Crown Agents for 
the Colonies, Millbank, London, 

auoting M.28834.B on both letter and ‘envelope. 
The Crown Agents cannot undertake to 
acknowledge all applications and will com- 
municate only with applicants selected be 
further consideration. W 7097 
ELECTRICAL ENGINEERS and Physicists 
are invited by the Ministry of Supply to apply 
for unestablished appointments in the grade of 


Senior Scientific Officer at the Royal Aircraft 
Establishment, Farnborough, Hants. Candi- 
dates should be at least 26 years of age and 
have a Ist or 2nd class Honours Degree in the 
appropriate subject and at least 3 years post- 
graduate research experience. They should also 
have a_ wide eee of communications 
work and H.F., V.H.F. or display techniques 
for research work associated with design and 
development of airborne and ground equip- 
ments. Salary will be determined on age and 
on an assessment of the successful candidate’s 
qualifications and experience within the S.S.0 
range £720-£910. Rates for women somewhat 
lower. Posts carry benefits of F.S.S.U. Appli- 
cation forms obtainable from Ministry of 
Labour and National Service, Technical and 
Scientific Register (K), York House, Kingsway, 
W.C.2, quoting D_ 159/S51—A. Closing date 
22nd September 1951. W 2065 
ELECTRONIC ENGINEERS are _ invited to 
apply for appointments in the Ministry of 
Supply to work near London or at provincial 
stations on the development and design of 
electrically operated systems for a_ variety of 
applications including weapons, telecommuni- 
cations and radar equipment. The _ responsi- 
bilities of the posts will vary according to the 
age, qualifications and experience of the 
selected candidates, and acceptable qualifications 
range from Ist or 2nd Class Honours Degree 
in physics or light electrical engineering or 
equivalent qualifications, Corporate Membership 
of the Institution of Electrical Engineers to 
Higher School Certificate, Higher National 
Certificate, etc. Grade and entering salary 
will be determined after interview on ranges 
up to approximately £1,000 a year. Some posts 
carry S.S.U. benefits, but all are unestab- 
lished. > forms obtainable from 
Technical and Scientific Register (K), 

York Hideo Kingsway, W.C.2, quoting D 
134/S51A. Closing date 24th September, 1951. 
2089 

ENGINEERS I reauired by Ministry of Supply 
establishment at Sevenoaks, Kent. Qualifica- 
tions: British, of British parentage; engineering 
apprenticeship. corporate membership of Inst 
of Civil, Mech.. or Elec. Engrs. or exempting 
qualifications. Experience appropriate to one 
of the following: Duties: (1) Ref. (C461/51-A) 
Development of optical instruments (including 
optical processing) and of drives for Ultra 
high speed cameras. (2) Ref. D343-4/51-A. 
Development of radio communications and 
monitoring equipment. Planning systems. 
Salary range: £997-£1,192 p.a. Not established, 
periodical competitions for establishment. 
App'ication forms from Ministry of Labour and 
National Service, Technical and _ Scientific 
Register (K), York House, Kingsway, W.C.2, 
auoting appropriate reference number. Closing 
date, 14th September 1951. W 2074 


MINISTRY OF SUPPLY requires Electronic 
Engineers for establishments in S. England 
Duties include design of radio and/or radar 
components, equipment and installations (in- 
cluding aerials) and engineering of prototypes 
for production. Candidates must be British of 
British parentage, and should be normally either 
corporate members of one of the Institutions 
of Civil, Mechanical or Electrical Engineers. 
or have qualified for exemption from Sections 
A and B of the Assoc. Membership examina- 
tions, or hold equivalent qualifications. Salary 
according to age. qualifications and experience 
in the range £448 (may be slightly less below 
the age 25)-£1,192. The appointments will be 
unestablished, but opportunities to compete for 
establishment occur periodically. Write for 
application form, to Ministry of Labour and 
National Service, Technical and Scientific 
Register (K Section), York House, Kingsway. 
W.C.2, quoting reference (D.359/51A). Closing 
date 17th September 1951. W 2090 
MINISTRY OF SUPPLY requires Instrument 
and Radio Production Engineers in London 
Candidates should have extensive knowledge of 
the following:- Airborne radio equipment, radio 
navigational aids, test and measuring equip- 
ment, lightweight and miniaturised electronic 
airborne equipment (a knowledge of moulding 
technique would be an _ advantage), quartz 
crystals, engine flight and navigational instru- 
ments, gyroscopic instruments, electric lamps. 
Duties will be connected with the planning and 
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progressing of production of these equipments. 
Candidates must be British of British parents, 
should be normally either corporate members 
of one of the Institutions of Civil, Mechanica! 
or Electrical Engineers, or have qualified for 
exemption from Sections A and B of the Asso- 
ciate Membership examinations, or hold equiva- 
lent qualifications. Salary according to age. 
qualifications and experience in the range of 
£475 (at age 25—slightly less below age 25)- 
£1,000 p.a. The appointments will be un- 
established, but opportunities to compete for 
establishment occur periodically. _ Write for 
application form to Ministry of Labour and 
National Service, Technical and Scientific 
Register (K), York House, Kingsway, London, 
W.C.2, quoting reference (D338/51-A). Closing 
date 14th September 1951. W 2072 


MINISTRY OF SUPPLY requires Technical 
Grades I, II and HII on Electronic Work in 
London and S. England. Candidates must be 
British of British parentage, have served a 
recognised engineering apprenticeship or have 
had equivalent training, preferably hold an 
Ordinary or Higher National Certificate or 
equivalent and have experience of e'ectronic 
equipment in one of the following fields: (a) 
Documentation—preparation of schedules, in- 


must be under 35 on 30th November, 1951, 
with extension for regular service in H.M. 
Forces and for established Civil Service. For 
appointments in the Post Office they must be 
21 or over, in the Ministry of Supply, 23, and 
in all other Departments 25 or over on that 
date. Minimum qualifications vary for 
different posts. Generally a University Degree 
in Engineering or Corporate Membership of 
the Institutions of echanical Engineers, 
Electrical Engineers or Civil Engineers, or 
passes in or exemption from Sections A and 
B of the corresponding Associate Membership 
examinations, or evidence of exceptionally 
high professional attainment are required. 
For certain posts, Corporate Membership of 
the Institute of Fuel by examination or the 
Institution of Chemical Engineers, or 
Graduate Membership of the Institution 
of Chemical Engineers or Associate 
Fellowship of the Royal Aeronautical Society 
or an Honours Degree in Physics will be 
accepted instead. salary on appointment 
will be fixed according to age. The salary for 
men aged 26, in London, is £500, rising by 
annual increments of £25 to £750. Salaries for 
women and for posts outside London are 
lower. There are prospects of promotion to 
higher grades on scales for men in London of 
£750-£1,000, £1,050-£1,270, and above. These 
rates are at present under review. Further 





MECHANICAL ENGINEER, Internal 
enced in Applied Physics. 


sultant engineer, Ilford Limited, Romford Essex. 


Degree (or 
Candidates should apply in writing, giving full details, to Con- 


equivalent), workshop training, experi- 


W.2059 





struction books, parts lists, etc., examination 
of sources of supply, specifications, etc., 
for contact action. (b) Maintenance and 
Test—assembly, fault finding, main- 
tenance, repairs, calibration, performance 
tests including climatic and vibration effects. 
Salaries according to age. qualifications, loca- 
tion and experience up to £825 p.a. Write 
for application form to Ministry of Labour and 
National Service, Technical and Scientific 
Register (K), York House, Kingsway, W.C.2, 
ouoting reference (D345/51-A). Closing date 14th 
September, 1951. W 2075 


PHYSICISTS and Mathematicians are invited 
by the Ministry of Supply to apply for the 
following unestablished appointments in the 
Scientific Officer Class at an Experimental 
Establishment in Essex for work connected 
with  out-of-door instrumentation. Senior 
Scientific Officer (1) Physicists with some 
mathematical knowledge including statistics or 
a statastician with some interest in experimental 
procedure to be in charge of a team investiga- 
gating the performance of weapons. Scientific 
Officers (1) Physicists, preferably with some 
knowledge of experimental range techniques 
and procedure. For some posts a knowledge 
of electronics is required. (2) Experimental 
physicist with experience of metallurgical tech- 
niques. (3) Mathematician with interest in 
experimental methods and some knowledge of 
hydrodynamics. Candidates must possess a Ist 
or 2nd class Honours Degree in appropriate 
subject, or equivalent qualification. For the 
senior grade candidates should be at least 26 
years of age with a minimum of three years 
post-graduate research experience. Salary will 
be determined on age and on an assessment 
of the successful candidates qualifications and 
experience within the ranges: Senior Scien- 
tific Officer £720-£910. Scientific Officer £380- 
£620. Rates for women somewhat lower. 
Post carry benefits of F.S.S.U Application 
forms obtainable from Ministry of Labour 
and National Service. Technical and Scien‘ific 
Register (K), York House, Kingsway, W.C.2, 
quoting A.220/S1/A. Closing date 24th 
Sep‘ember, 1951. W 2073 


PROFESSIONAL ENGINEERS in Government 
Departments. The Civil Service Commissioners 
announce an Open Competition to be held 
during 1951, for permanent appointments in 
many Departments of the Civil Service for a 
wide variety of engineering duties. Applica- 
tions will be accepted at any time but not 
later than 31st December, 1951, and selected 
candidates will be interviewed as soon as 
possible after the receipt of their Application 
Forms. Candidates are advised to apply as 
early as possible. Age Limits: Candidates 
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particulars and application forms from _ the 
Secretary, Civil Service Commission, Trinidad 
House, Old Burlington Street, London, W.1, 
quoting No. S85/51. W 2056 


PROFESSIONAL ENGINEERS in Government 
Departments. The Civil Service Commissioners 
announce an Open Competition for een 
appointments of _ Professional ngineers, 
General Service Class (Main and _ Senior 
grades). The vacancies at present announced 
are in the Admiralty (about 8 in the Main 
Grade and at least one in the Senior Grade), 
and one (Main Grade) in the Prison Com- 
mission. The duties in the Admiralty cover 
the production of mechanical, electrical and 
electronic equipment for H.M. ships and 
include design for production, correlation of 
manufacturing requirements and _ capacity, 
advice on production methods, preparation of 


estimates and, in certain cases, material 
inspection and functional testing. The post in 
the Prison Commission calls for practical, 


rather than academic interests with experience 
mainly on mechanical, heating, ventilating, 
hot water and steam engineering, but a good 
working knowledge of electrical engineering, 
is also required. Candidates must be at least 
30 years of age on Ist January, 1951. 
Minimum Qualifications. Generally Corporate 
Membership of the Institutions of Mechanical 
Engineers or Electrical Engineers or (for the 
Prison Commission post) of the Institution of 
Civil Engineers is required together with 
evidence of apprenticeship or pupilage and 
subseauent engineering experience. Excep- 
tionally, candidates of high professional 
attainments without some or all of these 
aualifications may be admitted. Salary scales : 
London—Men. Main Grade. £750-£1,000: 
Senior Grade. £1,050-£1,270. Women. Main 
Grade, £650-£850; Senior Grade, £900-£1,100. 
Provinces-—Men. Main Grade, £720-£960: 
Senior Grade, £997-£1,192. Women. Main 
Grade, £620-£810; Senior Grade, £860-£1,040. 
These rates are at present under review. 
Further particulars and application forms from 
Secretary. Civil Service Commission, Trinidad 
House, O'd Burlington Street, London, W.1, 
quoting No S86/51. Applications will he 
accepted at any time, but -not later than Ist 


October, 1951, and selected candidates will 
be interviewed as soon as_ possible after 
receipt of their application forms. Candidates 
are advised to apply as early as_ possible. 

W 2094 


TELECOMMUNICATIONS ENGINEERS and 
Physicists are invited by the Ministry of 
Supply to apply for unestablished appoint- 
ments in the grade of Principal Scientific 
Officer or Senior Scientific Officer at the Royal 
Aircraft Establishment, Farnborough, Hants 





Candidates should have a Ist or 2nd class 
Honours Degree in physics or telecommunica- 
tions and upwards of 5 years’ experience of 
research and development in one of the follow- 
ing: R.F. techniques at centimetric wave- 
lengths; centimetric radar, preferably for 
airborne application; servo systems or tele- 
communication networks and feedback ampli- 
fiers. For the P.S.O grade candidates must 
be at least 31 years of age and for the S.S.O. 
grade at least 26. Salary will be determined 
on age and on an assessment of the successful 
candidate’s qualifications and — experience 
within the ranges: Principal Scientific Officer 
£960-£1,295. Senior Scientific Officer £720- 
£910. Rates for women somewhat lower. 
Post carry benefits of F.S.S.U. Application 
forms obtainable from Ministry of Labour and 
National Service, Technical and Scientific 
Register (K), York House, Kingsway, W.C.2 
quoting D 158/51A. Closing date 22nd 
September, 1951. W 2066 





SITUATIONS VACANT 


A HOUSE (married accommodation) is avail- 
able for Senior Electronics or Radar Engineers 
required to organise a ground radar system 
including development of certain control and 
monitering and supervisory circuits and dis- 
plays. Special circuit engineers already avail- 
able. Location in special laboratory for impor- 
tant defence project within 30 miles of London. 
Salary up to £1,200 per annum _ for suitable 
candidate. Apply quoting ref. DEF to Box 
No. W 2007. 


A LARGE ORGANISATION of_ international 
repute invites applications from ineers and 
Scientists wishing to take up commercial work 
in the professional electronic field. For one 
such vacancy, at managerial level, candidates 
should be between the ages of 35 and 45, and 
now earning not less than £1,500 p.a. Vacancies 
also exist for less ona og men aged about 
30 with qualities likely to fit them for promo- 
tion to senior executive and managerial appoint- 
ments. All candidates must have:- 1. An Engi- 
neering or Science degree. 2. Technical ex- 
rience, preferably in the electronic engineer- 
ing or scientific field. 3. General education and 
rsonal qualities suited for commercial work. 
Soocniel candidates will have time to familia- 
rise themselves with the Company’s products, 
organisation and practices. They will probably 
based in the London area with occasional 
Overseas travel and the possibility, if desired 
of transfer to an Associated Company in the 
British Commonwealth. Good prospects in 
various branches of an expanding business. 
Salary according to experience. Applications 
will be treated as confidential and must include 
age, salary required, qualifications and chrono- 
logical statement of experience and a 
ments held. Write to Box No. W 2006. 


ALL GRADES of draughtsman are required at 
Chelmsford and in West London by Marconi’s 
Wireless Telegraph Co. These are permanent 
positions on the design and development of 
radio and radar equipment. Applicants should 
write, giving full details, and quoting ref 142E 
to Central Personnel Services, English Electric 
Co. Ltd., 24-30 Gillingham Street, West- 
minster, S.W.1. W 2008 


AMBASSADOR RADIO and Television require 
Assistant Development Engineers for electronic 
projects. Applicants should submit details of 
qualifications and experience addressed to 
Chief Engineer, Princess Works, Brighouse, 
Yorkshire. 2088 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar. Electronic, Television, etc.. 
Development, Service Engineers, Draughtsmen. 
Wiremen, Testers, Inspectors, etc. teenth: 
required, 30 Television Service Engineers. Write 
in confidence: Technical Emplovment Agency, 
179 Clapham Road, London, S.W.9. (BRIxtor 
3487.) W 113 


ASSISTANTS of various grades for Research 
and ae work on Computers required 
by a large N. Kent Engineering firm. Qualifi- 
cations: B.Sc., igher National Certificate, 
Intermediate B.Sc. or equivalent. Salaries 
according to qualifications and experience. 
Write giving full particulars to Box No. W 2939. 
A VACANCY exists in the Electronics Section 
of the Research Department for an Electronics 
Engineer, preferably with a Degree in mathe- 
matics, for the design of equipment for 
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Television from London to Birmingham by radio 
link has been achieved by employing radio-fre- 
Fase circuits—such as these developed by The 

eral Electric Company, Ltd., which incor- 
orate rhodium plated contact surfaces. 





Electrodeposited rhodium, completely non-tarnishing and of great 
hardness, is an ideal protective finish and sliding contact surface 
for all radio- and audio-frequency applications. There is little or 
no loss through skin currents and the high surface finish of the 
deposit gives smooth operation without electrical noise due to 
variations in resistance. 


One of the Specialised Services of 


The properties and applications of 

electrodeposited rhodium are fully 

Jo hins atthe discussed in data sheet 2053, 
M available on request. 


JOHNSON, MATTHEY & CO., LIMITED, HATTON. GARDEN, LONDON, €E.C.I 
Telephone : HOLborn 9277 Birmingham : Vittoria Street, Birmingham, |. 
GD1I96 
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ITUATIONS VACANT (Cont'd.) 

electronic measurement of physical variables 
and associated problems. App!ications, statin; 
age, qualifications, experience and salary 
required, should be addressed to the Personnel 
Officer, Westland Aircraft, Limited, Yeovil. 
Somerset. W 1338 


A VACANCY occurs for a technician of ex- 
perience, qualified in the calculation and con- 
struction of lens and mirrors, for interesting 
work in optics. Must have a sound know- 
ledge of filters, materials and technique. The 
position carries a salary of approximately 
£700 per annum. Degree standard is desirab'e, 
though not necessary, to applicants having the 
correct experience. Apply Box AC 64425. 
Samson Clarks, 57/61 Mortimer Street, W.1 

W 2046 


A VACANCY EXISTS for a Senior Wireless 
Engineer to control a team engaged on re- 
search, development and engineering of new 
low power equipments in the 400-600 megacycle 
band. Salaries up to £1,200 per annum 
offered to suitable candidates. Please write 
giving full details and quoting Ref. HHE to 
Box No. W 2030. 


A WELL KNOWN COMPANY has the 
following vacancies in its Midland Industrial 
Electronics Department. 1. Estimator, ex- 
perienced in estimating for electronic, light, 
medium and heavy equipment and able to 
estimate both piece part costs and assemblies. 
(Ref. 923). 2. Contracts Manager for Sales 
Section, experience in dealing with contrac‘s. 
and the co-ordinating and estimating thereof 
for electronics and electrical equipment. (Ref. 
827.) _3. Applications Engineers, experience 
in R.F. heating equipment. Metallurgy ex- 
perience an advantage. (Ref. 357.) Please 
write giving full details and quoting appro- 
priate reference to Box No. W 2084 


A WELL KNOWN COMPANY undertaking 
interesting radar development work in_ the 
London area has vacancies for the following : 
1. Senior Electronic Engineer who must be 
fully experienced in the design of 
equipment. Degree desirable, 
£800 p.a. (Ref. IBA.) 2. 
conversant with Naval 
control systems. 
according to 


radar 
salary about 
Mechanical Engineer 
radar installation and 
Degree desirable, salary 
aualifications and experience. 
(Ref. IBB.) 3. Designer Draughtsmen, H.N.C. 
desirable, should be capable of working on 
own initiative and doing all necessary ca'cula- 
tions and Draughtsmen with general electronic 
and/or mechanical experience. Salary accord- 
ing_to qualifications and experience. (Ref. 
AEF.) Applicants should write quoting 
appropriate reference to Box No. W 2079. 


BELLING & LEE LTD., Cambridge Arterial 
Road, Enfield, Middlesex, require research 
assistants in connexion with work on electronic 
components, fuses, interference suppressors and 
television aerials. Applicants must be graduates 
of the LEE. or equivalent qualifica- 
tions together with similar laboratory experi- 
ence. Salary will be commensurate with pre- 
vious experience. Applications must be 
detailed and concise, and will be treated as 
confidential. W 138 


CHIEF ELECTRONIC ENGINEER possess- 
ing e'ectrical engineering degree, reauired for 
factory near Stockport. Duties will include 
design of precision production line test gear. 
supervision of test gear model shop and staff 
engaged on mechanical inspection and elec- 


tronic test. Previous experience in similar 
post and of Ministry inspection methods 
desirable. Write in confidence stating age, 
experience and ualification 

Waose q to Box No 
CHIEF OF SALES and Contracts Section 
required by the North Midland Industria! 
Electronics Department of a well known 
company. Commercial experience on contracts, 


sales statistics and correspondence and handling 
representatives essential. Experience in heavy 
or electrical engineering fields desirable. 
Technical _know'edge, whilst an advantage, is 
not essential. Please write, giving full details, 
quoting Ref. HBG to Box No. W 2069. 


DEVELOPMENT ENGINEER. A large engi- 
neering establishment in_ the . Kent area 
requires the service of a Development Engineer 
with technical and practical experience in elec- 
tronics. Preferred minimum qualifications the 
Higher National Certificate in Electrical Engi- 
neering. A knowledge of Servo Mechanisms 
would be an advantage. Reply, stating age 
and giving full particulars of experience and 
salary required to Box No. W 2958. 


ELECTRONIC ENGINEERING 


DEVELOPMENT ENGINEER required — by 
Flectrical Component Manufacturers situated in 
N.W. London. Applicants must be experienced 
in mechanical and electrical engineering, and 
it is desirable to have experience in| model 
shop or design-development work. Minimum 
qualification Inter B.Sc., or equivalent. Write 
giving full details and stating salary required 
to Box No. W 2078. 


DRAUGHTSMEN are invited to make an 
appointment with E.M.I. Engineering Deve'op- 
ment, Limited, to discuss the several vacancies 
available at their Hayes and Feltham branches. 
All grades of designers and draughtsmen are 
required for a wide range of engineering pro- 
ducts for which their experience may be suited. 
Details will be sent by post on request, and/or 
strictly confidential interviews arranged without 


obligation. Posts available offer a maximum 
of interest, technical information and _ experi- 
mental facilities, and long term employment 


prospects with good salary to suitable applicants. 


Apply, giving fullest details of experience, 
aualifications, etc., to Personnel Department 
EB/A, E. Engineering Development 
Limited, Hayes, Middlesex. W 2071 


E. K. COLE, LIMITED, have vacancies for 
testers at their Electronics Division. Experience 
in the testing of Radar, Communications or 
Electronics equipments to Ministry specifica- 
tions, essential. Full details in writing to the 
Personnel Manager, Malmesbury, Wilts. W 2091 


E. K. COLE LTD., have vacancies in their 
Electronic Division at Malmesbury, Wilts., for 
senior and Intermediate Draughtsmen in the 
Development Drawing Office, for work on 
Radar, Communications and Electronic Pro- 
jects. Previous experience in this field desirable 
but not essential. Apply in writing to the 
Personnel Manager, Ekco Works, Malmesbury, 
Wilts. W 2934 


E. K. COLE (Electronics Division) offers ex- 
cellent opportunities for young Draughtsmen 
of Ordinary National Standard to gain ex- 
perience in the Development of Radar, Com- 
munications and Nucleonic Equipments. Also 
a limited number of vacancies for Senior 
Draughtsmen with experience of this type of 
work. Apply giving details of experience to 
Personnel Manager, E. K. Cole Limited, 
Malmesbury, Wilts. W 2971 


ELECTRICAL engineering graduate for the 
design and supervision of the construction of 


electronic test equipment. Interesting de- 
velopment work, offering full scope for 
initiative. Previous electronic design experience 


essential. Apply quoting Ref. ‘‘ TE ”’ state 
age and salary expected and give full details 
of training, qualifications and experience to 
the Personnel Officer, Ferranti, Ltd., Ferry 
Road, Edinburgh. W 2087 


ELECTRONIC INSTRUMENT Manufacturers 
require Deve'opment Engineer for pressure 
pick-ups and _ electro-mechanical transducers. 
Candidates should have degree in mechanical 
or electrical engineering and an interest in both 
fields. Southern Instruments, Ltd., Fernhill, 
Hawley, Camberley, Surrey. W 1341 


ELECTRONIC ENGINEERS—opportunities in 
Canada. _The Canadian Westinghouse Com- 
Pany invites applications from experienced 
aualified Electronic Engineers for work on 
Radar Computors, Ultra Sonic devices (Asdic). 
Servo mechanisms, Microwave and Fire Con- 
trol. Assistance will be given for transport 
to, and location suitable housing in Ontario. 
Interviews will be arranged in London. Write, 
giving full particulars as to education, ex- 
perience and salary required to Box No. 
W 2080. 


ELECTRONIC ENGINEERS required by large 
rm, S.E. London, for the development of 
Radio and _ radar equipment. Applicants 
should have had 2-3 years previous experience 
on similar work and qualifications either to 
degree or H.N.C. standard. The work is of 
high national importance. Apply, giving full 
oa, of previous experience to Box No. 


ELECTRONIC/ELECTRICAL ENGINEER re- 
quired with degree in Physics or Telecommuni- 
cation Engineering, and at least four years 
experience of Radar. Apply Employment 
Manager, Vickers-Armstrongs Ltd., (Aircraft 
Section), Weybridge. 


ELECTRONIC /ELECTRICAL ENGINEERS re- 
quired with Higher National Cert. (electrical) 
and at least four years experience of Radar. 
Apply Employment Manager, Vickers-Arm- 


strongs Ltd., (Aircraft Section), Weybridge. 
W 2943 


ELECTRONIC ENGINEER. Applications are 
invited for the post of development engineer 
(West London Area). Experience on Radar, 
Television or similar pulse techniques would 
be an advantage, and special consideration will 
be given to applicants with B.Sc. Degree or 


H.N.C. Salary would be determined by quali- 
fications and experience. Apply to Chief Engi- 
neer Box No. 2015. 


ELECTRO-HYDRAULICS, LIMITED require 
a Chief Electrical Engineer to be responsible 
for the design and development of light elec- 
trical equipment for aircraft and other pur- 
poses. Applicants should have a first or second 
class Honours Degree, have served an 
apprenticeship, or had similar practical train- 
ing and have had some_ experience of the 


control of design and development groups 
Knowledge of servo systems and aircraft 
control gear would be an advantage. Apply : 
Chief Designer, E’ectro-Hydraulics, Limited. 
Warrington. W 1342 
E.M.I. Engineering Development, Limited, 


require experienced electronic engineers, includ- 
ing team leaders, for the development and design 
of radar equipment. Applicants should have 
sound technical training with a degree or 
equivalent qualification and several years 
experience in this field, a thorough know’'edge 
of microwave technique and_ ability to 
originate circuitry is essential, The appoint- 
ments are for permanent pensionable staff and 
carry good salary and excellent prospects 
Applicants should write quoting ED/34 and 
give full details to Personnel Department, 
E.M.I. Engineering Development, Ltd., Haves. 
Middlesex. W 2050 


ENGINEER for transformer design work, 
used to small power audio and _ pulse trans- 
former work, required by prominent aircraft 
firm in the London area. Highest technical 
ability and _ experience of miniaturisation 


required. Write full details, qualificat’ons, 
experience, age, salary sought to Box 
AC 64420. Samson Clarks, 57/61 Mortimer 
Street, W.1. W 2045 


ENGINEERS to initiate and supervise the lay- 
out, construction and test of prototypes (to 
Ministry standards) of special electronic cir- 
cuits for production. Considerable experience 
of similar work is essential and familiarity with 
miniature practice is desirable. Experience of 
radar circuits and technique would be an 
advantage. Senior engineers salaries in range 
£800 per annum and Juniors £600 per annum. 
Location special laboratory in Bedfordshire. 
Write, giving full details and quoting ref. 907 
to Central Personnel Services, English Electric 
Co. Ltd., 24-30 Gillingham Street, Westminster. 
S.W.1. W 2994 


ENGINEERING establishment, West London 
area, require several first-class Project Design 
Engineers for work of an intricate mechanical 
and electro-mechanical nature. Only qualified 
men capable of undertaking complete design 
of projects, under guidance of Chief Engineer 
and Chief Design Engineer, will be considered. 
Experience in either of the following fields will 
be advantageous : -Printing Machinery, Auto- 
matic Feeding Apparatus, Teleprinter principles 
and Electronic Controls. Write in __ first 
instance giving full experience and qualifications 
to Chief Engineer, Box No. W 136. 


ENGLISH ELECTRIC require junior and 
senior engineers for radio, radar, servo- 
mechanisms and analogue computor design and 
development. Starting salaries up to £1,200 
per annum, according to qualifications and 
experience. [.ocation, Bedfordshire. App'i- 
cations, giving full details of qualifications and 
experience, quoting Ref. S.A.7, should be 
addressed to Central Personnel _ Services. 
English E'ectric Co_ Limited, 24-30 Gillingham 
Street, London, S.W.1. W 2068 


EXPERIENCED Electronic Wiremen 


_W required 
immediate'y for top _ priority 


Government 


Contracts. Excellent wages, working condi- 
tions and prospects for the right type of 
applicant. Apply: Peto Scott Electrical 
Instruments, Addlestone Road, Weybridge. 
Surrey. W 2058 


EXPERIENCED ESTIMATORS are invite1 to 
apply for employment with a large Electro- 
Mechanical firm in the West Country. A 
knowledge of this type of work, including radio 
components, would be a great advantage though 
not necessarily essential. Good staff conditions 
operate and the post offers excellent prospects 





CLASSIFIED ANNOUNCEMENTS 
continued on page 6 











SEPTEMBER 1951 

















Lor 


For the neat and systematic housing of laboratory equipment 
for the measurement of radioactivity, Ekco can supply numerous combinations 
of units mounted in racks or cabinets, with interconnecting leads and mains 
supply cables cleated in position. Where necessary, cooling fans are incor- 
porated. The equipment can be built up on the unit basis, blank panels being 
replaced with additional instruments when required. Such an installation has 
many advantages over the haphazard positioning of units with tangled leads 
and makeshift connections, which hardly inspire confidence in the results 
obtained. Ekco equipment racks are indeed a most useful aid to speed and 
accuracy in research and routine work. Please write for further information. 


sage Proportional Counting 
ft a ae ° : : 
é é C 1] O VN /] CS Equipment mounted in 
ol Ekco 6-ft. Rack. 


E. K. COLE LTD. (Electronics Division), 5 VIGO STREET, LONDON, W.| 











30 amps at 250 volts a.c. 








that is the duty of each pair of contacts of the new 
Austinlite ‘ Thirty ’—and there can be up to 24 of them. 
The ‘ Thirty’ is an entirely new switch designed 

for those jobs where the Austinlite ‘ Fifty’ is 
unnecessarily large: it’s a compact and robust 

rotary for multi-circuit and sequence switching, 
made up from 1, 2, 3, 4, § or 6 cells. Each cell contains 
4 fixed, and up to 4 moving contacts: there is an ‘off’ 
position between each contact position. A very large number 

of contact combinations is possible and very complex circuits can be 
handled. Capacity at unity power factor : 450 volts—15 amps : 250 volts— 

30 amps. Higher voltages can be dealt with at lower currents and vice-versa. The 


Austinlite ‘Thirty’ leaflet describes the switch in detail and will be sent on request. 


\ Chance. PRODUCT 


AUSTINLITE LIMITED, DEPT. As, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM 
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SITUATIONS VACANT (Cont’d.) 


of advancement. Full details of experience 
and qualifications should be sent to Box No. 





W 2061 
FERRANTI, LIMITED, Moston Works, 
Manchester, have staff vacancies in connexion 


with special electronic valve development and 
manufacture in association with an important 
Radio Tele-Control project. (1) Senior Valve 
Engineers to take charge of Research and 
development work. Qualifications include a 
good Degree in Physics or Electrical Engineer- 
ing and extensive experience in charge of 
development work. Salary according to 
qualifications and experience in the range of 
£1,100-£1,600 per annum. Please quote Ref. 
S.V.E. The company has a Staff Pension 
Scheme, and will give housing assistance in 
special cases. nen forms from Mr. 
R. J. Hebbert, Staff Manager, Ferranti, Limited. 
Hollinwood, Lancs. W 2044 


FERRANTI, LIMITED have vacancies for 
Engineers with experience or interest in work 


connected with Electro-Mechanical Gunnery 
Predictors, Gyroscopic Instruments and Allied 
Projects. Preference given to holders of 
degrees or equivalent qualifications, but 


aptitude and practical ability in light mechani- 
cal or electrical engineering is _ essential. 
Salary according to age and experience in the 
range of £350-£650 per annum. The company 
has a Staff as ees Forms of appli- 
cation from Mr. R Hebbert, Staff Manager, 
Ferranti, Limited, ‘Hotline Lancs. Please 
quote Ref. E.E.M. W 2049 


FERRANTI LTD., Moston Works, Manchester, 
have staff vacancies in connexion with long term 
Development Work on an important Radio 
Tele-Control Project. (1) Senior Engineers or 
Scientists to take charge of research and 
development sections. Qualifications include a 
good degree in Physics or Electrical Engineering 
and extensive past experience in charge of 
development work. Salary according to quali- 
fications and experience in the range of £1, 

£l, per annum. Please quote reference 
R.S.E. (II) Engineers and Scientists for re- 
search and development work in the following 
fields: Radar, radio and electronic circuits, 
micro waves, high power centrimetric valves. 
vacuum and/or high voltage techniques, servo 
control and electro-mechanical devices. Quali- 
fications include a good degree in Physics or 
Electrical Engineering or Mechanical Science, or 
equivalent qualifications. Previous experience 
is an advantage but is not essential. Salary 
according to qualifications and experience in 
the range £420-£1,000 per annum. Please 
quote reference R.T.E. (III) Technical Assis- 
tants for experimental work in the fields listed 
in (II) above. Qualifications required: a Degree 
or Higher National Certificate in Electrical or 
Mechanical Engineering or equivalent qualifi- 
cations. Salary in the range of £260-£550, 
according to age and experience. Please quote 
reference R.T.A. The Company has a Staff 
Pension scheme, and will give housing assis- 


tance in special cases. Application forms from 
Mr. R. Hebbert, Staff Manager, Ferranti 
Limited, Hollinwood. Lancs. W 2970 


JUNIOR ENGINEERS to assist in the design, 
construction and test of laboratory models of 
special electronic circuits, with several years 
experience of similar work. A knowledge of 
radar circuit designs and operations would be 
an advantage. Salary in the range of £600 per 
annum. Location, special laboratory in Bed- 
fordshire. Please write giving full details and 
quoting ref. 815B to Central Personnel Services, 
English Electric Co. Ltd., 24-30 Gillingham 
Street, Westminster, S.W.1. W 2989 
JUNIOR DRAUGHTSMAN ‘required for in- 
teresting work on electro-mechanical apparatus 
in connexion with radar and electronics, S.E 
London area. Applicants are asked to state 
age and salary required and details of ex- 
perience to Box No. 2040. 

JUNIOR ENGINEER required for Acoustics 
Laboratory of large telephone manufacturing 
company in S.E. London area, for work mainly 
on the development of telephone instruments 


and allied equipment. Degree or 
essential and preferably some _ industrial ex- 
perience in electro- acoustic work. Salary in 


accordance with experience and qualifications. 
Write Box No. W 2062. 


LABORATORY ASSISTANT for north east 
coast area for development work in connexion 
with the manufacture of radio resistors. Appli- 
cants should be at least Inter B.Sc. standard 
(electrical engineering or physics) and have 
some knowledge of electronics. Practical in- 
dustrial experience would be an advantage but 
not essential. Box No. W 2085. 


ELECTRONIC ENGINEERING 


MARCONI’S WIRELESS TELEGRAPH Co.. 
Limited, Chelmsford, has vacancies for several 
Technical Writers, men or women, to prepare 
hand books on operation and maintenance of 
radio equipment. Applicants should have 
sound technical training to Degree or H.N. 

standard and some ‘practical experience in 
development of radio equipment is desirable. 
Experience of technical writing is essential. 
Good salaries will be offered depending upon 
the applicants qualifications and experience. 
A staf Pension scheme is in operation. Please 
reply giving full details to Central Personnel 
Services, English Electric Co., Limited, 24-30 
Gillingham Street, London, "S.W.1, oe 
Ref. 278A. W 2070 


McMICHAEL RADIO LIMITED, require 
qualified draughtsman with experience in the 
mechanical design of radio and electronic in- 
struments for the government services. Salary 
will be commensurate with ability. 
stating age, training, experience and salary re- 
quired to the Chief’ Engineer, Equipment Divi- 
sion, McMichael Radio Limited, Slough, oA 


McMICHAEL RADIO LIMITED, _ require 
senior project engineers in their -« ment 
division development gg my Oy Slough. 
Training and experience in the field of open’ 
electronics (including communications) and 
experience of working with government depart- 
ments are the chief qualifications required. 
Salary will be commensurate with ability. 
Write stating age and full details of training, 


qualifications and experience to the Chief 
Engineer, Equipment Division, McMichael 
Radio Limited, Slough, Bucks. W 2977 


MECHANICAL ENGINEER required. Good 
academic qualifications, recognised apprentice- 
ship and some electrical knowledge essential. 
Experience in one or more of the following 


desirable:- Precision mechanical design, fire 
control mechanisms, servo theory, hydraulic 
and pneumatic servo systems, aerodynamics. 


Apply with full details of age, experience and 
salary required to the Personnel Manager, 
Sperry Gyroscope Company Limited, Great 
West Road, Brentford, Middlesex. W 2014 


PHYSICISTS OR PHYSICAL CHEMISTS 
required for laboratory in Northamptonshire, 
to carry out varied and interesting work on 
new ceramic and metallic materials. Appli- 
cants should have a good science degree and 


be familiar with techniques for measuring 
magnetic and dielectric — properties. Ex- 
perience in designing radio ‘and electronic 


components from these materials an advantage. 
Salary £450-£650 according to qualifications 
and experience. Box No. W 2051. 


PHYSICIST REQUIRED to take responsible 
position in a team engaged upon new and 
important developments in Thermionic Values. 
Applicant must possess a good Degree in 
Physics and some experience in Research or 
Industry is desirable. Post offers excellent 
prospects for a man keen on Applied Research 
and possessing a quick brain and _ initiative. 
Salary in accordance with qualifications and 
experience. Write, in confidence, giving full 
details to the Personnel Officer, Standard 
Telephones and Cables, Ltd., Foots Cray, 
Sidcup, Kent. W 2077 


PROMINENT AIRCRAFT firm in Greater 
London area, commencing new project of great 
National “importance, offers unique opportuni 
for advancement. High salaries with monthly sta: 
status and Pension Scheme — to lg | 
—_ applicants. Electronic En 

t Class Honours Degree in Ma atics or 
faces preferably with several years’ practical 
experience, ay not essential. Apply, stating 
age, nationality and experience i Box Ac.58212, 
Samson Clarks, 57-61, Mortimer Street, bet - 


REQUIRED by large radio manufacturer in 
London area: (1) Senior Draughtsman for com- 
munications section of the drawing office— 
applicants should have’ experience of communi- 
cations equipment. (2) Draughtsman for test 
gear department—applicants should have ex- 
perience in radio or light engineering. The 
positions are permanent and the company has 
a pension fund and life assurance scheme. 
Apply stating full particulars of experience 
with age and salary required to Box No. 
W 2025. 


REQUIRED immediately by large firm in Lon- 
don Area. Senior and junior radio development 
engineer to work on long term projects of high 
priority. Applicants should have experience in 
the development and design of VHF communica- 
tion equipment. For the junior posts, how- 
ever, experience is not essential provided 


applicants have adequate grounding in basic 
electronic techniques. Posts permanent and 
pensionable. Apply quoting reference R.E.D 
to Box No. W 2086. 


RESEARCH AND DEVELOPMENT Engineers 
are required by British Telecommunications 
Research, Limited, a company associated with 
The Automatic Telephone and Electric Co.. 
Limited, and British Insulated Callender’s 
Cables, Limited, for work on long term 
development projects in the following 2405 
(a) Wide-band line communication. (b) V.H.F 
and U.H.F. radio communication. (c) Elec- 
tronic Switching and Computing. A number 
of posts with a salary in the range £500-£1,200 
per annum are available for suitably qualified 
engineers or physicists with experience in any 
of the above or allied fields. Further posts are 
available for technical assistants with salary 
in the range £300-£600 according to qualifica- 
tions and experience. Applications are also 
invited from Honours Graduates in physics or 
electrical engineering who are considering 
careers in the research and development side 
of the telecommunications industry. There is 
a superannuation scheme and the Company 
works a five-day week. The laboratories which 
are well equipped are situated in ideal country 
surroundings within easy reach of London. 
Applications, which will be treated in strictest 
confidence, should be made on forms obtain- 
able from’ the Director of Research, British 
Telecommunications Research Limited, Ra wns 
Court, Taplow, Bucks. W 2060 


RESEARCH LABORATORIES of The General 
Electric Co., Limited, Wembley, Middlesex, 
have vacancies on a Major Guided Weapon 
Project at their Stanmore Laboratories for 
engineers and physicists with at least three 
and preferably five years’ experience in the 
generation and handling of waveforms for 
radar computors or pulse multiplex systems 
These openings will offer good prospects in 
experimental teams and_ attractive starting 
salaries will be paid. All applications 
should be sent to the Staff Manager (Ref. 
GBLC/766), stating age, qualifications and _ ex- 
perience. W 2081 


SENIOR AND JUNIOR Electronic Develop- 
ment oo required for work of high 
riority ree or inter-B.Sc. desirable. 
alary "400-2790 P.a. according to qualification 
and experience. Write stating ful! details to 
Personnel Manager, The McMurdo Instrument 
Co., Ltd., Ashtead, Surrey. W 2907 


SENIOR DESIGNER DRAUGHTSMAN re- 
quired with experience of design and develop- 
ment of Radar and Electronic apparatus to 
Service requirements, S.E. London Area. 
Applicants are asked to state age and salary 
— and details of experience to Box No. 


SENIOR DRAUGHTSMAN required for in- 
teresting work on electronic equipment, design 
and small quantity production. xperience an 
advantage, also ability to work on own initia- 
tive. Good prospects and five day week. Apply 
Personnel anager, Dynatron Radio Limited, 
Ray Lea Road, Maidenhead, Berks. 2929 


SENIOR ELECTRONIC ENGINEER required 
by large firm in S.E. London, for development 
work in connexion with Radio and Radar 
equipment, a good knowledge of pulse and 
C.R.T, display technique is essential. This 
work is of particular interest as it deals with 
research and production aspects, and is of 
high national importance. Apply, giving full 
details of previous experience, qualifications 
and salary expected to Box No. 2041. 


STANDARD TELEPHONES & CABLES 
Limited, have vacancies in their Line Trans- 
er Division at North Woolwich, London, 

E.16, open to qualified Engineers and Physi- 
cists for the Development of Multi-Channel 
Carrier Systems and Micro-wave Radio Link 
Equipment. Salary in accordance with quali- 
fications and experience. Graduates without 
experience will be considered. Apply Personnel 
Manager, Standard Telephones & ables 
Limited, North Woolwich, E.16. W 2095 


TECHNICAL ASSISTANT for vibration re- 
search on Aero Engines. Specific experience 
of this work not essential if well qualified to 
undertake experimental investigations. Write, 
stating age, : ualifications and previous ex- 
perience to: e Personnel Officer, The de 
Havilland Engine Co., Ltd., 


Stag Lane, 
Edgware, Middlesex. 2010. 
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Tufnol is an easy winner as a constructional material 
for these hammer-heads used in panel-beating and 
where a “softer than metal ” substance is required by 
such craftsmen as Copper and Silversmiths—for it 
can be machined cheaply, easily and accurately, has 
high compressive strength, and will not split or crack 
under impact. The flexibility of the thoroughbred is 
Tufnol’s, for it is light in weight yet structurally strong 
enough to work sympa- 
thetically with steel; its 
chemical resisting and 
electrical insulating qual- 
ities are excellent; and 
it is unaffected by 
moisture or climatic 
exposure. To theengineer 
whose ideas are some- 
A Tufnol draining boardina times limited by un- 
photographic dark room after ; ‘ 
thirteen years’ service. responsive materials, 
Tufnol offers new oppor- 
tunities. Normally supplied in sheets, tubes, rods, 
bars, angles and channels—to be machined to your 
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BY A LONG HEAD 





Own specifications in your own workshops—it can 
also be made available in specially moulded shapes. 
When you find your materials lagging behind your 
ideas —try putting Tufnol into the field. 


GOOD TIPS ABOUT TUFNOL 
Informative literature contains the data 
relevant to Tufnol; and includes many 
authenticated examples of its application to 
engineering and industrial problems. 
Furthermore, our Technical Staff will 
always work enthusiastically on any new 
problems. Why not find out more 
about Tufnol ? 
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SITUATIONS VACANT (Cont’a.) 





TECHNICAL ASSISTANT required to take 
charge of small scale production of electronic 
valves for specialized equipment. Previous 
experience desirable and education up to inter 
B.Sc. advantageous. Apply giving age, details 
of education and experience together with 
salary required, to Personnel Department 
(CRT), E.M.I. Factories, Limited, wt 
Middlesex. 2054 


TECHNICAL DEVELOPMENT imate 
required, Senior, Intermediate and Junior, for 
interesting work in_ electronics, including 
defence contracts. Excellent salaries for suit- 
able app'icants. Apply to Technical Director 
All-Power Transformers, Ltd., Chertsey raat 
Byfleet, Surrey. W2 


TECHNICAL SALES ASSISTANTS Posie 
by Company specializing in equipment for high 
vacuum work. Applicants 25/30 of good per- 
sonality and appearance and high integrity, 
should have suitable training, e.g. physics, 
electrical or chemical engineering, electronics 
to Inter B.Sc./Graduate standard. Technical 
and commercial training will be given for sub- 
sequent service in Sales Office or travelling at 
home and abroad as positions arise. A real 
enthusiasm and flair for sales work is essential. 
Progressive and superannuated 7 Apply 
with full details to Box No. W 2096 


TELEVISION ENGINEER with original ideas 
wanted for novel application in important 
defence project in special laboratory within 
40 miles of London. Starting salary £700- 
£1,000 p.a. according to qualifications. Write 
quoting Ref. IAH to Box No. W 2063 


TESTING PERSONNEL required by large 
firm S.E. London, for work on Radio and 
Radar equipment, "should be capable of fault 
finding and dealing with both transmitter and 
display equipment. Applicants should have 
had 2-3 years previous experience on this type 
of work. Apply stating age, _ previous 
experience and salary expected to Box No. 
W 2043. 


THE ENGLISH ELECTRIC Co. Ltd., offers 
unusual opportunities for young Engineers in 
the Design and Application of electrical instru- 
ments and protective relays, with the assurance 
of stability of employment and_ exceptionally 
good working conditions. Applicants should 
write giving full particulars and quoting Ref. 
406E to Central Personnel Services, English 
Electric Co. Ltd., 24/30 Gillingham aa 
London, S.W.1. 2098 


THE GENERAL ELECTRIC CO., ‘a. 
Radio and Television Works, Coventry, have 
vacancies for Development Engineers, Senior 
Development Engineers, Mechanical and Elec- 
tronic, for their Development Laboratories on 
commercial and Government work of national 
importance. Fields include Microwave and Pulse 
Applications. Salary range £400-£1,250 per 
annum. Vacancies also exist for Specialist 
Engineers in Component design, valve applica- 
tions, electro-mechanical devices and small 
mechanisms. The Company’s Laboratories 
provide excellent working conditions with 
Social and Welfare facilities. Superannuation 
Scheme. Agsistance with housing in special 
cases. Apply by letter stating age and _ ex- 
perience to the Personnel Manager (Ref. CHC.) 

W 2999 


THE PLESSEY COMPANY, Limited, Ilford, 
requires the following staff: Test Gear Design 
and Development Engineers, with sound 
theoretical knowledge and experience in the 
development of test gear for radio, television 
or other electronic equipment. First Class 
Estimator/Ratefixer with preproduction plan- 
ning experience of communications and radar 
equipment—early promotion to production 
engineer is envisaged for successful applicant. 
Senior Draughtsman for communications section 
of the drawing offices with experience of com- 
munications equipment. Draughtsman for test 
gear department with experience of radio or 
light electrical engineering. Radio Mechanics 
with experience of installation and maintenance 
of test gear—service or civilian. All positions 
carry the right to participate in the pension 
fund and life assurance scheme after the usual 
trial period. State full particulars to 4 Per- 
sonnel Manager. W 2076 


THE SUPERMARINE WORKS of Vickers- 
Armstrongs Ltd., at their Winchester Design 
Offices require Instrumentation Engineers for 
interesting work on high speed aeroplanes. 
Qualifications preferred:- Engineering Degree 
with knowledge of Electronics, and practical 
worksho} ep experience. Apply Personnel Depart- 
ment, Hursley Park, Near Winchester. W 2031 


ELECTRONIC ENGINEERING 


THERE ARE a number of vacancies suitable 
for Honours Graduates in physics, electrical or 
mechanical engineering or mathematics or a 
good general Degree covering two or more of 
these subjects, for both research and develop- 
ment work in the following fields: Radio and 
Line Communications, Radar, Electronic In- 
strumentation, Microwaves, Ultrasonics, Vacuum 
Techniques and Electromechanical | Devices. 
Salary according to qualifications and experience 
consistent with general present-day levels. There 
are vacancies for which considerable post- 
graduate experience is required and others for 
which previous experience is not necessary. 
Consideration will be given to students taking 
finals during the current academic year. Pros- 
pects of promotion are good and the sts all 
fall within the Mullard Company’s Superan- 
nuation Scheme. Apply Personnel Officer, 
Mullard Electronic Research Laboratory, Sal- 
fords, Nr. Redhill, Surrey. W 2896 


X-RAY. Foremost apparatus 
offers an interesting overseas post for a tech- 
nical representative with commercial ability 
and sound electrical engineering background. 
Successful applicant would receive intensive 
training. Apply in writing to Box No. W 2047. 


YOUNG ELECTRICAL ENGINEER required, 
S.E. London area, to assist Chief Engineer, 
some knowledge of chemistry, high vacuum 
processes, and transformers preferable. Able 
to drive. All relevant details and salary 
required to Box No. W 2082. 


manufacturer 





SITUATIONS WANTED 
E.E.G. male Technician/Recordist experienced 
Ediswan six channel recording and maintenance, 
desires change, preferably Southern England. 
Box No. W 1347. 


LABORATORY ENGINEER (electronics, ex- 
perience, high power audio amplification, 
vibration technique, supervise construction 
specialised laboratory gear, London, Home 
Counties preferred. Box No. W 1346 





FOR SALE 


AMERICA’S famous magazine Audio Engineer- 
ing, 1 year subscription 28s. 6d.; specimen 
copies 3s. each. Send for our free booklet 
quoting all others; Radio Electronics, Radio 
and Tele. News, etc. Willen —_ (Dept. 9), 
101 Fleet Street, London, E W ios 
hang ‘for all pur- 


ELECTRIC BULBS and 

poses; neon and discharge lamps; U.S. radio 
accessories, switches, (Ceramic) condensers, 
etc. Telephone headsets, breast and headsets, 
lamps, lamp caps, jacks, plugs, Fullerphones, 
etc. Suplex Lamps Limited, 239 High 


Holborn, London, W.C.1. W 1344 


5 METAL SEALS and High Vacuum 
by Hall, Drysdale & Co. Ltd., of 58 Commerce 
Road, Wood Green, London, N.22. ’Phone: 
BOWes Park 7221. Will? 


MAGSLIPS—For use as flexible shaft or syn- 
chronous link, for remote indication, compu- 
tation or for servo- control, Applications. 
Many types available. Linear Ipots and Ball 
and Plate’ Integrators for computation. 
Selsyns—For remote torque transmission (45Ib. 
in). Servotronic Sales invite inquiries for the 
above and all types of servo-control Electronic 
and Electrical equipment. Write for brochure 

“Synchros’’ and price list to Servotronic 
Sales, Abbey Road, Belvedere, Kent. W 1348 


MAGSLIPS at 1/10th to 1/20th of list prices. 
Huge stocks. Please state a uirements. K. 
Logan, Westalley, Hitchin, Herts W 116 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58 Commerce Road, 
Wood Green, London, N.22. Phone BOWes 
Park 7221-2. W 107 


WEBB’S 1948 Radio Map of World. new 
multi-colour printing with up-to-date call signs 
= fresh information: on heavy art paper, 
. 6d.. post 6d. On linen on roliers, 11s. 6d., 
seal 9d. W 102 
TOROIDAL COILS, manually wound to one 
per cent. Bel Sound Products Co., Marl- 

borough Yard, Archway, N.19. ARC. 5078. 
W 139 





WANTED 


WANTED 328A and 394A Western Electric 
Valves—in quantity. Terry, 50 Westcliffe Road. 
Bournemouth. W 1330 


EDUCATIONAL 


leew POLYTECHNIC, Borough Road, 
S.E.1. A course of 14 lectures by specialist 


lecturers on ‘Application of Electronic 


Instruments to Engineering Problems and 
Measurement,”’ to be held on Monday evenings 
at 7 p.m., will begin on Monday, Ist October, 
1951. Further particulars and forms of 
application for enrolment may be obtained 
from the Secretary. W 2987 


CITY AND GUILDS, (Electrical. etc.) on 
‘No Pass—No Fee’ terms. Over 95 per cent 
Successes. For full details of modern courses 
in all branches of Electrical Technology, send 
for our 144-page handbook—Free and_ post 
tree. &.I.E.1. (Dept. 337c), 17 Stratford Place. 
London, W.1. W 123 


MIDDLESEX COUNTY COUNCIL. Educa- 
tion Committee, Southall Technical College, 
Beaconsfield Road, Southall. Special courses 
each of 20 weeks duration will be held in 
Pulse Technique (Thursdays, 7-9 p.m., com- 
mencing on Ith October) and_ Electro- 
Acoustical Transducers (Mondays, 7-9 p.m., 
commencing on 8th October). Intending 
students, who should possess a Higher National 
Certificate or an equivalent qualification, 
should enrol before Ist October. The fee is 
£1 for each course. Wheeler. Chief 
Education Officer. W 2057 


NORWOOD TECHNICAL COLLEGE, W. 
Norwood, London, S.E.27. Full-time, part-time 
day and evening courses in Radio and Television 
(Technology and Servicing), Radar and i. 
ree for following examinations: C. 

Full Technological, R.T.E.B., Amateur ‘con 
mitting Licence, P.M. Free Telecom. Pros- 
pectus (D) from the Secretary. 170.) =W 2775 


THE POLYTECHNIC, 309 Regent Street, W.1. 
A course of six lectures on “ Radio Wave 
Propagation and_ the Tonosphere,”’ will be 
YT. by Mr. L. Prechner (engineering division, 
eg on Tuesday evenings from 6.30 to 
.m. commencing 16th October, 1951. A 
Sethiled syllabus is available. Application to 
attend this course should be made as soon as 
possible to the Head of the Department of 
Mathematics and Physics. W 206 


BUSINESS OPPORTUNITIES 


SOUTH AFRICAN company director now in 
England wishes to contact British and Con- 
tinental manufacturers of Radar and Marine 
Radio and Electronic Equipment with a view 
to arranging service and sales facilities in 
South and East Africa. Box No. Ww 1343. 


PATENT 

IT IS DESIRED to secure the full commercial 
development in the United Kingdom of 
British Patent No. 605,621, which relates to 

* Electronic Transmitters for Electrical Measur- 
ing Devices,’’ either by way of the grant of 
licences or otherwise on terms acceptable to 
the Patentee. Interested parties desiring 
copies of the patent specifications should 
apply to Stevens, Langner, Parry and Rollinson, 
5-9 Quality Court, Chancery Lane, London, 
WZ. 2083 





SERVICE 
GLASSBLOWING, repetition and pee. by 


Hall Drysdale & Co. Ltd., of 5 
Road, Wood Green, London, N.22. Phone 
BOWes Park 7221-2. W 109 


METALWORK. All types cabinets, chassis, racks, 
etc., to your own specifications. Write’ Ras 
“T,” Philpott’s Metal Works, Ltd., Wor 
Street, Loughborough. 2731 
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VALVE-MAINTAINED TUNING FORKS 


HE valve-maintained tuning fork is recommended for use wherever an audio 

frequency standard of high accuracy is required. Various models are available 
covering a frequency range of 40 c/s to 4,000 c/s, with a frequency stability of 0.005°,, or 
better. All models are a.c. mains operated, and may be supplied either for rack 
mounting or bench use. 





TEMPERATURE-CONTROLLED FORK TYPE A-339 


To enable the highest stability to be obtained 
this instrument incorporates a_ thermostatically- 
controlled oven to maintain the fork unit at a con- 
stant temperature. A frequency stability of + 0.001% or 
better is obtained. The output is 1 watt into 600 ohms. 
Standard frequencies: 500, 1,000, 1020, 2,000, 3,000 
and 4,000 c/s. 


Write for Bulletin B-522 


VALVE-MAINTAINED FORK TYPE D-20 


This simple unit is capable of delivering an 
output of 5 volts into 600 ohms, with a frequency 
stability of +0.0025°.. Standard frequencies : 
1,000, 1,020, 2,000, 3,000 and 4,000 c/s. 


Write for Bulletin B-597 


LOW FREQUENCY FORK TYPE D-418 


This instrument employs a resiliently mounted 
fork unit to absorb the anti-nodal vibrations which 
are inevitable with low frequency forks. The 
frequency stability is -.0.005°, and the output is 
3 watts at 200 volts ; this is sufficient to drive a 
mains clock. Standard frequencies: 50, 100, 150 
and 200 c/s. 


Write for Bulletin B-617 


MUIRHEAD & Co. LTD. —— 
PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD 


BECKENHAM : KENT ° ENGLAND ELECTRICAL INSTRUMENTS 


Telephone : BECkenham 0041 Telegrams & Cables : MUIRHEADS ELMFRS-END uk 
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The Metrovick 


MAGNETIC 





AMPLIFIER/THYRATRON 


CONTROL SCHEME 


The magnetic amplifier thyratron combination is a 
semi-electronic equipment designed for industrial app- 
lications requiring good accuracy of control with wide 
range of speed or torque regulation, and may be used 
in many cases where hitherto only fully electronic 
equipment has been available. The reduction in the 
number of consumable components and high impedance 
circuits increases reliability and simplifies servicing. 
Speed ranges of 20:1 or more with accuracy to 
about 2% of maximum speed are obtainable. The 
equipment may also be used in fully automatic schemes, 
for example tension control in reeling and speed 
_ relationship between individ- 
ual motors on continuous 
strip processes etc. 


The illustration shows a -standard 
equipment for up to 1 hp rating, 
used for machine tool drives, or tension 
control in rubber and plastic industries. 


Write for descriptive leaflets Nos. 
98/1-1 and 98/2-1 which give 
further details of speed and torque 


control systems, 











METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, TRAFFORD PARK, MANCHESTER, 17 


Member of the A.E.1, group of companies 


KOE for simplification in electronics 
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‘CINTEL’ PHOTO-ELECTRIC CELLS 


are manufactured with three different types of 
cathode surface as follows:— 


TYPE ‘A’ — Antimony-Caesium (British Patent Ne 
522,752, 1938) sensitive to daylight and 
blue light. 

TYPE VSS! 


TYPE ‘B’ — Bismuth etc.-Caesium, sensitivity similar 
B8G BASE 


to that of the human eye. 


TYPE ‘S’ — Silver-Oxygen-Caesium, sensitive to red- 
infra-red light. 








There are over seventy different types covering 
every known application, and included in this range 
are:— 

*Push-Pull types for double sound tracks. 
*Special cells for dye image sound tracks. 
*Cells of high insulation, linearity, and stability 
for accurate photometric work. *Cells for 
use in the ultra violet region of the spectrum. 

* Multiplier cells. Transparent cathode cells &c. boss ey 




















For further information, please write to:— 


CINEMA-TELEVISION LIMITED 


A Company within the J. Arthur Rank Organisation 
FOREMOST IN THE MANUFACTURE OF 


@ Counters & Chronometers @ Metal Detectors @ ‘Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes @ Geiger-Muller Tubes @ Electronic Instruments 


WORSLEY BRIDGE ROAD-LONDON : S-E-26 
Telephone: HiTher Green 4600 













































SALES AND SERVICING AGENIS: _ — 
€, G ROBINSON & PARTNERS LTD ATKINS, ROBERTSON & WHITEFORD LTD H. HAWNT & CO. LTD 
287 Deansgate, Manchester 3 109 Torrisdale Street, Glasgow S$.2 59 Moor St., Birmingham, 4 
a O = “hes 
Ss MV TRADE MARW 
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DUBILIER TUB 


Of the many forms of capacitors available, one of 
the most popular is the Tubular Paper, which fits 
most conveniently into any wiring assembly. In order 
to meet specific requirements, Tubular Capacitors 
must be chosen with care by the designer and 
engineer; Dubilier Tubular Paper Capacitors are 
produced in a wide range covering all needs, for 
instance :— 

A. Type 460 Tubular Paper Capacitors for all general 
requirements. 

B. Metal-cased Tubular Paper Capacitors for use in 
Tropical conditions. 

C. Metal-cased “Minicap” Tubular Paper Capacitors 
to withstand severe tropical conditions and high 
altitudes. 


MAKERS OF 


DUBILIER CONDENSER CO. (1925) LTD., DUCON 


ELECTRONIC ENGINEERING 
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LAR CAPACITORS 





D. “Minicap” Tubular Paper Capacitors for miniature 
application combining minimum size and weight with 
excellent electrical properties. 

We shall be pleased to forward full technical details 
of these Capacitors upon request, and our technicians 
are always at your service for consultation with 
regard to their use. 


b pny °4 


CAPAGITOR S 


Pr 
WORKS, 





INEST CAPACITORS 
VICTORIA ROAD, NORTH ACTON, W.3 
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Most metals and glasses vary widely in 
their expansion characteristics, attempts to 
join them inevitably resulting in very highly 
stressed and unreliable joints. 

Satisfactory joints can result only from very careful 
selection of special metalloys and laboratory control of the 

characteristics of both metal and glass, together with the most modern techniques. 

These conditions are satisfied by all Ediswan metal-glass seals which can be produced in an 
infinite variety of types to meet designers’ requirements. 


Our engineers will be pleased to advise regarding your sealing problem. 


EDISWAN 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
Member of the A.E.I. Group of Companies sP61 
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RADIO TRANSMISSION 


OF INTERNATIONAL 12 GHANNEL CARRIER GROUPS 


Where telephone lines cannot be built 
or are too costly, this V.H.F. FM radio 
system will give C.C.I.F. transmission 
standards for 12 channel telephone 
groups over a single link up to 40-50 


miles long. Radio relay stations are 


available to extend links up to several 
hundred miles. Each main unit comprises 
a number of sub-units which are quickly 
replaced by spare sub-units when faults 
occur. The frequency ranges are from 


40-90 Mc/s or 150-200 Me/s. 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 


(Radio and Transmission Division) 


STROWGER HOUSE 
Telephone: TEMple Bar 9262 


ELECTRONIC ENGINEERING 


ARUNDEL STREET 


LONDON W.C.2 
Cablegrams: Strowgerex, London 
AI4161/BIO7 
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EMOTROL 


°Klectronic Motor Control ¢ 


4, 





if GIIGG GGG VRAD en 


Of the many notable electronic engineering achievements by BTH, the ‘ Emotrol’ 
system is an outstanding contribution to meet theneeds of industry for precision, 
wide-speed-range, motor control gear. 

This system can in fact, be applied in practically any industrial process. 
Applications include:—machine-tools, knitting machines,conveyors, 
printing presses, papermaking machinery, fans, reeling and 
tensioning drives, glass making machines, dynamometers, etc. 


SPECIAL FEATURES:— ¢ Current limit feature — gives 
* Speed ranges of 100 to 1. automatic smooth acceleration 
* Horsepower range of ‘25to 600. and protects theelectrical appara- 
* Operates from a.c. supply— tus and the driven system from 
Static apparatus converts power overload. 





to supply D.C. motor. ° Readily arranged to give auto- 

* Maintains precise speed at any matic control of torque, mechan- 

given setting. ical tension, linear or rotational 

= *Smooth stepless control position, or other electrical and 
Controller throughout speed range. mechanical quantities. 





Control panel 


THE 


BRITISH THOMSON-HOUSTON 


COMPANY LIMITED, RUGBY, ENGLAND 








Member of the AEl group of companies _ 
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The “Belling-Lee” page 
for Engineers 
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1285" DIA FIXING RUBBER SLEEVE / / 
HOLES TO TAKE CABLE SCREEN -40'DI 
TIN DIPPED L_625/P 











“‘SCREENECTORS” 


This new range of screened connectors in light alloy is 
based upon the draft R.E.C.M.F. specification for a 
non-reversible screened plug and socket to load cables 


METHOD OF 
LOADING IS 
SHOWN BELOW 


up to 0.24 in. diameter over the braid. 


Single or multi-pole contacts may be assembled into the 
common housings which are designed so that various 


applications may be employed—e.g., line connector, flex 
plug and chassis socket and vice versa, through chassis 
(bulkhead) connector, each part interchangeable in its 
appropriate position in the assembly. 


————— , 
CLAMPING RING REMOVE °%¢ OF OUTER 
COVER AND TRIM 


RUBBER WASHER CONDUCTOR 7g 


PACKING RING 


RETAINING NUT 


RETAINING SHROUD 








Other design features include : (1) High grade 
bakelite insulators. (2) Simple assembly and loading. 
(3) Positive quick-action locking device. (4) Machined 
light alloy screened housing finished for instrument 
panel requirements. 

The characteristics of these connectors are shown 
opposite. 


= *At! Mes sag We invite you to inspect our Stand No. 64 at the National Radio 
Exhibition, Earls Court, August 28th — September 8th, 1951. 


BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 


"Assembly Coaxial | 2-pole_ _ 3pole 
| Flex plug ! L625/P | L7I5/P | 
Chassis socket L625/S | L7I5/S 
Through chassis socket | L723 L689 u716 S| 
| Flex socket | 1724 L690 | U7t7 
Petree = 








Characteristic Contact | Capacitance * 
Type Impedance Resist- (Conductor) Conductor | 
ohms ® ance | conductor | screen 


“Coaxial : 75 jtess thay} eee 
100 miltiohens |) IpF | 2.5 pF 
each ~ -_ 
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ENGLISH ELECTRIC 


electronic heat generators 





5 kW Induction Heater 


The ‘ ENGLISH ELECTRIC’ 5 kW induc- 
tion heater is one of a range of 
electronic heat generators designed to 
provide maximum reliability in the 
now firmly established technique of 
electronic heating. The advantages of 
obtaining a uniform product, increased 
output and reduced costs, makes this 
method particularly suitable for a 





wide range of uses including brazing, 
soldering, annealing, tempering and 
final hardening of small metal surfaces. 
The ‘ENGLISH ELECTRIC’ induction 
heater has been designed as a produc- 
tion unit, it is independent of mains 
fluctuations, has controllable power 
output, accurate repetition control, 
simplified loading, and comprehensive 
“setting up” facilities. An adaptable 
work sink is also fitted. 





The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


industrial Electronics Department, Stafford 


WORKS: STAFFORD : PRESTON : RUGBY » BRADFORD LIVERPOOL 





EG.1 
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a better baby... 


The Walter Type B.T. Switch is a mighty 
midget. It takes up small panel space, 
and is just the switch for simple switch- 

ing. Recently we have made some big 
improvements in it too. Here they are: 

A new method of fixing contact blades. 

This ensures that they are completely 
rigid all the time. Definite positioning of 
the drive spindle in the wafer, providing 
double bearing. 

There are other improvements 

as well—positive contact and 

steady contact resistance, —— 
better insulation between con- 

tacts, and a self-cleaning action. What 


does all that add up to? A sensible, reliable and lasting switch, which we feel 


will give you first class service and complete satisfaction. 


Walter Instruments —< 


| - SWITCHES 
LIMITED 








MADE 
FOR LIFE 


GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3 


CRC 48 
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AS yeerielerxed 


radio frequency 





for true V.H.F. loss measurement 


Available in two ranges, one giving 0O—9 db in | db steps and the other 0—S0 db 
in 10 db steps. Attenuators have been specially designed for building into your 
own equipment. They may be used in tandem. 


ACCURACY OF D.C. ADJUSTMENT 


0—9 db model—the insertion loss error will not exceed +0°05 db for any setting. 
0—90 db model—tThe insertion loss error for the 90 db setting will not exceed 
+03 do. For other settings this limit falls linearly to a value of +0°06 db at 

the 10 db setting. 


HIGH FREQUENCY PERFORMANCE 


O—9 db model—At 50 megacycles, the insertion loss error for the 9 db setting 
will not exceed +0°15 db. For other settings this limit falls linearly to a value of 
+0°05 db for the | db setting. 

O—30 db model—At 50 megacycles, the insertion loss error will not exceed 
+0°1 db per step. 


N.B. All insertion loss errors are relative to zero db setting. 


Type 74600-A: 0—9 db in | db steps 
MODELS Type 74600-B : O0—90 db in 10 db steps 
AVAILABLE Both the above models have a characteristic impedence of 75 ohms and 
will handle inputs up to 0°25 watts. Two further models will shortly become 
available having a characteristic impedence of 50 ohms with comparable performance. 


Standard Telephones and Cables Limited 


Registered Office: Conneught House, Aldwych, London, W.C.2 
TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, E.16 
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STABILISED 
Power Supplies 





Type 705 


THis unit provides a stabilised direct 

voltage, continuously variable from 200- 
350 volts, which may be used with either the 
positive or negative lines earthed, or with the 
output floating. An unstabilised alternating 
supply of 6.3 volts, the centre tap of which 
may be strapped to earth, is also available. 


® Stabilised output continuously variable from 200-350 
volts at maximum currents of 200-100 mA. 


@ Output change is less than + 0.5% for + 10% 
input change. 


® Output change from full load to no load is +0,-0.5%. 
® Source impédance of 5 ohms. 
@ Both voltage and current meters incorporated. 


® Suitable for operation on 100-130 and 200-250 volts 
50 c/s mains. 





Type 776 


POSITIVE and negative stabilised direct 

voltages, positive and negative unstabilised 
direct voltages, and an unstabilised supply of 
6.3 volts are all provided by this unit. Both 
voltage and current meters are included, 
and a meter switch enables any of the four 
direct outputs to be monitored. 


@ Stabilised positive output continuously variable 
from 200-350 volts at maximum currents of 200-100 
mA. 


@ Positive output change is less than + 0.5% for 
+ 10% input change. 


@ Stabilised negative output of 85 volts at 5 mA. 
@ Unstabilised positive output of 500 volts at 200 mA. 
@ Unstabilised negative output of 500 volts at 5 mA. 


@ Suitable for operation on 100-130 and 200-250 volts 
50 c/s mains. 


Illustrated descriptive leaflets of these Stabilised Power Supply Units, or any other Airmec 
instruments, will be forwarded gladly upon request. 


AIRMEC 3 wsoxstores [LEMITED 


HIGH WYCOMBE - 


TEL.: HIGH WYCOMBE 2069 
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BUCKINGHAMSHIRE * 


ENGLAND : 
CABLES: AIRMEC HIGH WYCOMBE — 
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GEC 
Germanium Diodes 





The photograph shows a G.E.C. germanium diode soldered between 
adjacent tags of an octal socket in a noise-suppression circuit. 
Standard half-watt and quarter-watt resistors provide an interesting 
comparison in size. 

It is important to note that this photograph is of a G.E.C. production 
television sub-chassis into which the crystal is soldered without heat 
shunts and with the leads clipped to the required lengths. 


For further information apply to Osram Valve & Electronics Dept. 


THE GENERAL ELECTRIC CO LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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- A om ID to 310 “a 


Within the small co 
123” « 73” 
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Mpass of 141” ,. 
, this 8enerator provides 
facilities as are normally available 
only in instruments of much 
&reater size and weight—and With 
an accuracy which Suggests some- 
thing far more costly. Outstand- 
ing features include :— Fre- 
quency calibration ae 
Max. attenuatio 






















N error at 
300 Mc/s., + 2 db. @ 









Modulation 30 % sine Wave 
at 1,000 c/s. @ Negligibie 












Stray field 














EK 








Fullest details Contained jin 
leaflet S6/L sent On request 
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Electronics 
in 
Industry 









The industries of the world have been quick to recognise 
the importance of electronics to their future development, 
As the leading British organisation for the design, 
development and manufacture of electronic equipment 
of all kinds, E.M.I. stand ready to meet the growing 


demand for electronic devices to speed production. 


Typical of the range of E.M.!. equipment 
are :— 
Complete Television and Radio Systems. 


Airborne Radar . R.F. Induction and Dielectric 

Heaters . Dictation Machines . Disc and 

Magnetic Tape Recorders . Domestic Appliances. i 
 LA4o hai 


ELECTRIC & MUSICAL INDUSTRIES LTD. 





HEACQUARTERS: HAYES. MIDDLESEX . ENGLAND 





E.219 
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FERRANTI TESVAG 


High Frequency Vacuum Tester 


HIGH FREQUENCY Approximately 4 megacycles per second. 
HIGH VOLTAGE Approximately 25 kV. maximum. 


Simple and Safe to Use 


Please write for list IN.I0I 


FERRANTI LTD., HOLLINWOOD, LANCASHIRE & 356 KINGSWAY, LONDON, W.C.2; 7 
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comes to terms 
with a close fit ? 


Don’t go together - or do they? In actual fact 
they DO and Ragosine ‘ Extreme Viscosity ’ Lubri- 
cants make it possible. Developed during the war, 
they are now widely used by Instrument Makers 
for a variety of purposes. For instance, they ‘take 
up the slack ’ — you can work to wider clearances 
(an important production factor) yet maintain 
close, accurate fitting and perfect ease of 
movement. 


That’s one purpose — 
there are others too! 





SEALING COMPOUNDS 
THREAD LUBRICANTS 


PRESSURE TIGHTNESS 
GREASES 


DAMPING FLUIDS 
All of real interest to YOU! 





Let us send you fully explanatory literature which 











may open your eyes to the 


vast possibilities of 
Ragosine 


agosl! 


INSTRUMENT GREASES 
RAGOSINE OIL CO., LTD. 
MINERVA WORKS, WOODLESFORD, nr. LEEDS. 
LONDON OFFICE: IBEX HOUSE, MINORIES, LONDON, E.C.2. 
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for Radar, Research and Industrial Applications 


ode Ray Tubes 


The cathode ray tube is now accepted as an essential 
component in all electronic equipments where it is 
required to obtain a rapid indication or display of physical 
phenomena. As such it forms the basis of oscilloscopes, 
test apparatus, monitors, flaw detectors and numerous 
other research, industrial and communications equip- 
ments. The Mullard range of cathode ray tubes has now 
been extended to meet all these applications. 


TUBES FOR RADAR DISPLAYS. 


Of particular importance among this range are the 
Mullard C.R. Tubes MF31-22 (12-in.) and MF 13-1 (5-in.) 
both of which are designed to meet the continuous 
operation and arduous conditions of service encountered 
in marine radar applications. Having long-persistence 
aluminised fluoride screens, these tubes are suitable for use 
in P.P.L. systems. 


SMALL TUBES FOR INSTRUMENTS 

A variety of 1}-in. and 2}-in. electrostatic C.R. Tubes 
with green, blue or persistent screens are also available. 
These tubes are all characterised by low inter-plate 
capacitances and are designed for operation with voltages 
from between 800 and 1,000 volts. These features, 
coupled with the fact that the tubes are fitted with 
standard B9G bases and have a seated length of less than 
6 ins., make them suitable for use in small, compact 
oscilloscopes, and in a variety of industrial, communica- 
tions and research testing and measuring equipments. 
All these tubes can be obtained in versions suitable for 
either symmetrical or asymmetrical deflection. 

For larger equipments, a high-grade electrostatic 5-in. 
tube is also available. 

Abridged technical details on the tubes for radar displays 
are listed below. Full data on the complete range of 
cathode ray tubes is available on request. 






































Max. Max. Vv Val Va2 
Type Description Base Screen Overall h I, max. max. 
Diameter Length (Vv) (A) (V) (KV) 
(mm.) (mm.) 
MF13-1 8” radar tube with metal-backed magnesium 
fluoride screen Octal 127.5 292 6.3 0.3 450 ll 
MF31-22 12” radar tube with metal-backed magnesium 
fluoride screen Bl2A 308 471 6.3 0.3 400 ll 
Stand No. 75 
The Radio Show 
Earls Court 
oe 
[Mullard] 
A 
MULLARD LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVTI06 
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Commentary 


HE 18th National Radio and Television Exhibition is 

being held at Earls Court between August 28 and Sep- 
tember 8. In addition to being an important contribution 
to the Festival of Britain, the Exhibition is being held at 
a time when the industry is at an all time peak of produc- 
tion, the annual value of the equipment manufactured 
exceeding £85 million, including exports now running at 
the rate of £21 million a year. Although many factories 
have Service contracts, that has always been so, and the 
new re-armament programme has not yet interfered to any 
great extent with production for civilian needs, and not at 
all with exhibits in the show. In this connexion, it is 
interesting to note that the industry has sold well over a 
million television receivers since the end of the war. 


August 28 will be an “ invitation day” for overseas and 
other special visitors and, subject to his official engage- 
ments, Earl Mountbatten of Burma will open the 
Exhibition to the public on Wednesday, August 29. 


As at the previous Radio Shows of recent years the 
greatest emphasis will be on television and this tendency 
will, no doubt, be accentuated this year as the Exhibition 
is being held almost on the eve of the opening of the new 
B.B.C. television transmitter at Holme Moss. This will be 
the most powerful television transmitter in the world and 
it will bring twelve million more people within range of the 
programmes. In addition to a large number of receivers 
that have been designed for this station, there will also be 
on view a number that have been designed for Kirk O’ 
Shotts, the Scottish station, which is due to open in the 
spring of 1952. The manufacturers are confident that the 
demands of re-armament will not prevent them from 
supplying the necessary number of receivers to satisfy all 
immediate demands from the two new television areas. 


On account of the present economic situation it might 
be thought that the manufacturers of radio and television 
receivers would be indulging in a price cutting cam- 
paign, together with the inevitable reduction in quality. 
On the contrary, however, the majority are concentrating 
on the provision of good and dependable performance. 
This is evidenced by the fact that the twelve inch cathode- 
ray tube is now almost standard, and more sets than ever 
are available with fifteen or sixteen inch tubes. In addi- 
tion, nearly a dozen manufacturers have projection tele- 
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vision receivers in production, while new circuit techniques, 
frequently involving more efficient valves and components, 
for both television and radio reception and audio repro- 
duction have been fully utilized. 


There will, as usual be a Television Avenue, in which 
receivers of the various manufacturers can be seen working 
side by side. This year the Avenue will be no less than 
two hundred and fifty feet long. 


The supply and distribution of radio, television and 
audio signals for the demonstration of the various products 
is quite a considerable technical problem and one of the 
most interesting features is the microwave link, working 
on a frequency of 6,800Mc/s, which will be used to relay 
the television programmes from Alexandra Palace to Earls 
Court. The equipment used for distributing the demon- 
stration signals will be on view through glass panels in the 
walls of the distribution rooms. 


In addition to the broadcast and television receivers and 
audio reproducers there will also be on view a large range 
of industrial and scientific equipment including test gear, 
components, electro-medical equipment and other related 
products. The electronic divisions of eight Government 
Departments, including the three services, will also be 
exhibiting some of their latest equipment and techniques. 


* * * 


We will be pleased to welcome any of our readers on 
stand number 37 where, in addition to a large range of 
popular reprints and technical books we will be demon- 
strating the De Luxe version of the ELECTRONIC ENGINEER- 
ING Home Built Televisor. This De Luxe version incor- 
porates, in addition to all the latest circuit techniques and 
refinements, a three waveband radio and a high quality 
record reproducing unit. The long awaited constructional 
manual for this comprehensive home entertainer will also 
be on sale at our stand. 


Included in this issue there is a six page preview of the 
new electronic equipment that will be on view at the 
Exhibition, while on page 340 there is a short description 
of a few of the interesting technical details of the De Luxe 
Home Built Televisor. 
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Eq uipment for Acoustic Measurements 


(Part 1) 


A Portable General Purpose Microphone Amplifier 


Using Miniature Valves 


By D. E. L. Shorter,* B.Sc.(Eng.), A.M.LE.E., and D. G. Beadle,* B.Sc.(Eng.), A.C.G.I., A.M.LE.E. 


Research on the acoustics of rooms frequently involves the use of portable apparatus for making tests 

in studios and concert halls remote from the laboratory. The special equipment used in this work 

must be as compact and light as possible so that it can be handled easily by the engineers making the 

measurements, With these considerations in mind, apparatus for studio testing has been designed in 

the B.B.C. Research Department, using as far as possible, the types of miniature valves and other 

components which have become available since the war. The first of these, a general-purpose micro- 
phone amplifier, is the subject of the present article. 


HE amplifier to be described has to operate in con- 

junction with the high quality microphones used in 
broadcasting equipment. The output from such micro- 
phones with weak sounds may be only 30db above the 
thermal agitation noise arising from the resistance of the 
microphone itself, while a full orchestra may produce an 
output some 50db higher. Special arrangements are there- 
fore necessary in the amplifier to preserve the highest 
possible signal-to-noise ratio with minimum distortion. 

The amplifier is required to work into a load having a 
nominal impedance of 600 ohms, and to present a sub- 
stantially resistive output impedance of the same figure 
over the working frequency range. The maximum output 
required for the present purpose is + 20db relative to 
ImW and it is desirable that the harmonic distortion of 
the system at this level should be below 0.5 per cent. 
In modern amplifiers using negative feedback, the distor- 
tion may be quite low even when the output is nearly 
equal to the maximum which the valves can deliver, but 
may increase rapidly with a slight rise in level. A per- 
centage harmonic figure taken at a single output level 
may thus be misleading and it is therefore advisable to 
specify, in addition, the margin of safety between this 
level and the “ceiling” level at which actual clipping of 
the wave-form begins. In the present instance, a margin 
of at least 6db was called for, so that the output stage has 
to be capable of delivering at least 400mW (+ 26db) to the 
load. 

In addition to the above requirements, an independent 
monitoring Output is necessary to operate a loudspeaker 
for checking purposes, together with some visual indication 
of the outgoing level. The amplifier is required to transmit 
short-duration pulses and other rapidly fluctuating signals 
used in studio testing. A quick-acting indicator is there- 
fore essential and since speech and music have also to be 
handled upon occasion, the standard B.B.C. peak pro- 
gramme metering circuit is used. 

From the above, it will be seen that the new microphone 
amplifier fulfils the same functions as the portable 
apparatus used at outside broadcasts and is in fact similar 
in many respects to the existing equipment designed for 
that purpose in 1938." However, by careful layout and the 
use of miniature components, the same facilities are pro- 








* Research Department, B.B.C. Engineering Division. 
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vided by the present amplifier unit in a fraction of the 
space occupied by the earlier equipment. The new design 
has been in use in the Electro-Acoustics Group of the 
B.B.C. Engineering Research Department since 1947. 


Circuit 
The complete circuit of the amplifier is shown in Fig. 1. 
With the exception of the H.T. rectifier and the first 


amplifier stage, B7G based valves are used throughout. The 
circuit may be divided into the following parts : — 


(a) a first stage, the gain of which is variable by 
altering negative feedback in two 10db steps. 


(b) a continuously variable carbon track interstage 
attenuator of novel design, having a nearly uniform 
decibel scale over a large range. 


(c) a three-valve line amplifier with push-pull output. 


(d) a second circuit similar to amplifier (c) but 
having a low-impedance output for operation of a 
checking loudspeaker. 


(e) a peak programme meter circuit operated from 
amplifier (d). 

(f) a power supply unit using light-weight com- 
ponents. 


These parts will now be described in more detail. 


(a) First STAGE (VALVE V,) 

The circuit of the first stage is based on that of an 
existing single valve unit amplifier designed by H. D. Ellis 
of the B.B.C. Designs Department and used in the new 
B.B.C. studio equipment.” In this circuit, the requirements 
of low distortion with large input signals and maximum 
gain with small input signals are met by the use of 
negative feedback, variable in 10db steps. In the present 
instance, the steps are arranged to give a maximum overall 
gain of 70, 80 or 90db, the setting used being determined 
by the maximum input to be handled. It will be noted 
that the feedback is taken from the anode circuit of V, 
to the grid and thus lowers the input impedance to that 
stage. The constants of the circuit are so arranged that 
with the minimum degree of negative feedback, the value 
of the input impedance at the grid of V, is correct for the 
termination of the input transformer T,. Series resistors 
are automatically switched into circuit to maintain the load 
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on the transformer at the same value when the feedback 
is increased. 

As in the earlier portable equipment,’ 7, is in effect, a 
filter circuit, a shunt capacitor C, being added on the 
primary side to complete the network formed by the 
leakage inductance, winding and circuit capacitances. This 
device makes it possible to use a relatively high step-up 
ratio—300 ohms : 250,000 ohms in the present instance— 
so that the signal level at the grid of V, is sufficient to allow 
A.C. to be used for the heater supply to this valve. Because 
of the high value of impedance at the grid of V,, the 
secondary of 7, must be so wound as to minimize the 
-self-capacitance. Low-capacitance windings are necessarily 
wasteful of space and the result is thus a rather bulky 
‘transformer. Unfortunately, the size of 7, cannot be 
reduced without also reducing the step-up and hence the 
signal-to-noise ratio. Therefore, when adapting the above 
circuit for the present purpose, 7, was retained in its 
original form and, as will be seen later, the usual relative 
sizes of input and output transformer are actually reversed. 

At the time when the amplifier was designed, miniature 
valves having a sufficiently low level of hum and micro- 
phony for first stage operation were not available. As a 
compromise, however, selected specimens of the EF50 are 
used. 
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ANALOGOUS = CIRCUIT 


Fig. 2. The interstage attenuator 


Even high-grade microphones may have slightly non- 
uniform frequency characteristics and it is convenient to 
compensate for these effects by equalization within the 
microphone amplifier. To this end, the circuit was 
designed with a certain amount of excess gain. Where no 
equalization is required, this extra gain is offset by the 
loss in a high series resistor R,, which is interposed in the 
input circuit of the second stage. The impedance of the 
circuit is high and a rise or fall in either high or low 
frequency response can therefore be brought about by the 
use of quite small series or shunt capacitors in conjunction 
with suitable values of resistors. Advantage has been 
taken of this arrangement to correct for a slight high 
frequency loss in the first amplifier stage by the addition 
of capacitor C, and resistor R,, shunted across R,,. The 
limit to the amount of equalization obtainable is set by the 
permissible variations in the load imposed on the anode 
of V,, for any change in the voltage gain of that valve 
would affect the input impedance of the amplifier. Up to 
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10db of equalization can, however, be obtained without 
serious disturbance of the input impedance. 


(b) MAIN GAIN CONTROL (R;,,) 

A special type of carbon track attenuator provides « 
continuously variable gain control between the first and 
second stages. This attenuator was devised in 1946* in 
the B.B.C. Research Department by C. G. Mayo and 
R. H. Tanner. The principle of operation is illustrated by 
the simplified diagram of Fig. 2. The attenuator is formed 
by a block of resistance material A, of which the under- 
side is covered with conducting material B. The input to 
the attenuator is applied between B and a fixed electrode 
C, while the output is taken between B and an electrode D 
which can be moved along the upper surface of A. The 
theory of this device is outside the scope of this article; a 
full mathematical treatment has recently been published in 
America.* As an approximation, the various series and 
shunt paths through the resistance material may be con- 
sidered as roughly equivalent to the elements of a ladder 
network and the attenuation in decibels is proportional 
to the displacement of the slider D over a wide range. 
In the practical embodiment of this device as used in the 
the microphone amplifier, the block of resistance material 
is bent into a circular form and mounted in a ltin. 
diameter casing, similar to that of a conventional carbon 
track potentiometer. Fig. 3 shows an exploded view of 
an experimental model using a resistance element made 





Fig. 3. The inierstage attenuator showing dished screen around the output 
connexion 


by the Morgan Crucible Co., Ltd. The output impedance 
of this attenuator, unlike that of a conventional potentio- 
meter, does not become low when the attenuation is high. 
It is thus important to avoid stray capacity coupling 
between input and output, and the slider connexion is 
therefore carefully screened both inside the attenuator and 
in the external circuit. The useful range of the model 
illustrated is about 70db. 


(c) LINE AMPLIFIER (VALVES V., V; AND V,) 

The line amplifier was designed as a standard unit for 
incorporation in this and other pieces of equipment. 

The circuit involves no fundamentally new principle. A 
single-ended gain stage V, drives one valve, V;, of a class- 
A push-pull pair of which the other valve, V,, derives its 
signal from the voltage developed across the common 
cathode resistance R.;. Because of the high mutual con- 
ductance of the valves used, the degree of unbalance 
between the signal currents in the anodes of V, and V, 
is only of the order of 6 per cent. This method of 
obtaining a push-pull drive was originally described in an 
earlier publication.'. Negative feedback is taken from a 
tertiary winding on the output transformer T., to the 


* Prov. Pat. 963/47, January 10, 1947. 
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cathode of V., the loop gain in the audio-frequency band 
being 24db. With this degree of feedback, the impedance 
looking back into the secondary of 7, is 200 ohms and a 
series resistance R,, is added to raise the output impedance 
of the amplifier to the required value of 600 ohms. 

To reduce the voltage to be handled by the output 
transformer T., the anode load of V, and V, is made 
about 60 per cent of the optimum value, a compromise 
which makes it possible to keep the size of T, to 
2°/,,in. by 1°/,,in. by 2°/,,in. high over tags and the 
weight to 7jozs. Although each winding on the trans- 
former is divided into two by a central partition on the 
spool, the total number of sections is, in effect, only three, 
one primary and two secondaries. With this arrangement 
of windings, the leakage inductance is sufficient to cause a 
slight loss in the 10-15kc/s region. To reduce the loss by 
increasing the number of sections would be difficult in such 
a small transformer and would lead to considerable 
complication of the feedback windings. Instead, the 
leakage inductance is approximately compensated over the 
frequency range concerned by shunting R,, with a capaci- 
tor C,,. By this means, the amplifier as a whole is made 
to present an almost constant output impedance up to 
15ke/s. 

Because of the small number of sections used in the 
output transformer, extensive distribution of the feedback 
winding is unnecessary. Each half of the primary winding 
is split to allow half of the feedback winding to be inter- 
posed. As the feedback winding consists of only a few 
turns of fine wire spread out in a single layer, the capaci- 
tance to earth introduced at the junction of the two parts of 
each primary winding is not sufficient to cause serious 
internal phase shift. To give the form of loop charac- 
teristics required for stability, the forward gain of the 
system is progressively attenuated at high frequencies by 
step circuits R,,, C,, and R.,, C,,, while a slight rise in 
response with a corresponding phase lead is introduced 
— feedback path above the audio-frequency band 

Fe ere Ore . 

The overload point of this amplifier is at approximately 
750mW, of which 300mW are dissipated in R., and 
450mW are delivered to the external load. 


(d) MONITORING AMPLIFIER (VALVES, V,, V; AND V,) 

_ For convenience, the input to the monitoring amplifier 
is taken from the feedback winding on the output trans- 
former T, of the line amplifier. The circuit of the 
monitoring amplifier is basically the same as that of the 
line amplifier, but the output is designed to overate into 
a 12 ohm load. Since a low output impedance is desirable, 
the building-out resistance is omitted with a consequent 
gain in efficiency and the amplifier will thus deliver the full 
0.75W to the load. With a modern high-efficiency loud- 
speaker, this power provides adequate sound level for 
checking purposes. 


(e) PEAK PROGRAMME METER (VALVES V, AND V,,) 

This circuit is of the form standard in the B.B.C. Both 
halves of the signal wave are rectified by the double diode 
V. which charges capacitor C,, negatively. The voltage 
change across C,, is converted by the variable-u valve 
V,, to a current change in the milliammeter M,, which 
is made with a right-hand zero to avoid the necessity for 
a backing-off circuit. The operating characteristics of 
V,, are adjusted to give a roughly uniform decibel scale 
over a range of 20db. 

The input to the double diode V, is taken from the 
output stage of the monitoring amplifier. The diodes 
necessarily impose on this stage a non-linear impedance 
load and to minimize the distortion thus introduced into 
the monitoring circuit, the programme meter input is 
tapped down on the primary of 7, and further isolated by 
resistors R,,, Ry, and Ree, R,-. 

For many purposes, it is desirable that the reading of the 


SEPTEMBER 1951 


programme meter should be proportional to the internal 
E.M.F. at the amplifier output and thus be independent of 
load impedance. Although the input to the monitoring 
amplifier and programme meter is derived, as already 
stated, from the feedback winding on T., the circuit con- 
stants are such that the above requirement is approximately 
met. Of the 600 ohms output impedance presented by the 
line amplifier, 400 ohms are provided by the resistance 
R,,, while the resistance of the transformer secondary 
winding accounts for another 130 ohms. The remaining 
70 ohms represents the true output impedance of the stage 
and it is in effect the voltage across this impedance which 
is registered by the programme meter. It can readily be 
shown that if the programme meter is lined up to read 
correctly with the amplifier working into a 600 ohm 
resistive load, the maximum error involved in assuming the 
meter to read the true internal E.M.F. is +}db for any 
load condition from short circuit to open circuit. 

Since the programme meter is fed from the monitoring 
amplifier, the gain of the latter must be kept constant. 
Control of the loudspeaker volume is, therefore, affected 
by an attenuator AT, following the output transformer. 
This attenuator provides four steps of approximately 4db 
each and is designed to keep the impedance presented to 
the loudspeaker as low as possible without presenting too 
low an impedance to the monitoring amplifier output. 
Because of the degree of negative feedback used in the 
loudspeaker amplifier, the variation in the loudspeaker 
impedance with frequency has only a slight effect on the 
programme meter frequency characteristic. The maximum 
deviation arising from this cause is +4db, and even this 
figure could be reduced, if necessary, by rough equaliza- 
tion of the loudspeaker impedance. 





Fig. 4. The amplifier removed from its case 


It might at first sight appear that the use of an attenuator 
between the monitoring amplifier and the loudspeaker 
would lead to overloading of the amplifier, but this is not 
the case in the present design. The adjustment of poten- 
tiometer R,, is pre-set so that the monitoring amplifier 
overloads at a programme meter reading corresponding to 
an output from the line amplifier 4db above the maximum 
rated level. Control of the main output thus automatically 
ensures sufficient margin of safety. The programme meter 
sensitivity is adjusted according to the output level 
required by potentiometer R,,, an internal calibrating 
voltage for this purpose being derived from the heatér 
supply via resistors R,;-R,,. The heater voltage in turn is 
checked by the programme meter itself via the rectifiers 
W,, W, and meter switch S,, the mains tapping switch 
S, being adjusted as required to bring the reading to a fixed 
point on the scale. 


(f) POWER SUPPLY (VALVE V,) 

The iron-cored components in. the supply circuit are 
designed for minimum size and weight. The mains trans- 
former on the prototype was wound on a stalloy core,. 
34in. by 34in. by 33in. and weighed 4.3lb. It has been 
recently redesigned on a grain-oriented silicon iron core,. 
the dimensions being reduced to 34in. by 34in. by 2} in. 
and the weight to 2.7lb. The smoothing choke is wound om 
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FREQUENCY IN CYCLES PER SECOND. 


Fig. 5. Frequency response 
(a) 600 ohm output, 70db gain setting 
(b) 600 ohm output, 80db and 70db gain settings 
(c) 12 ohm output, 70db gain setting 
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a radiometal core having a gapped centre limb. This form 
of stamping gives a small external field, an important point 
in compact equipment, while the sliding friction between 
laminations ensures a high degree of mechanical stability 
of the gap without the use of special core clamps. The 
choke is IZin. by I4in. by 1}in. and weighs 44 ozs. 

Metering of anode feeds is carried out on the meter 
M,, the values of the shunts being so adjusted that the 
normal feeds of the various stages correspond to the same 
point on the meter scale. 

The power consumption of the amplifier is 48W at 
200/250V, 50c/s. 


Mounting and Layout 


The complete apparatus described above is accom- 
modated in a carrying case 17in. by 10in. by 6in. To 
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achieve such a degree of compact- 
2 ness while retaining reasonable acces- 
sibility to components, careful layout 
and screening are essential; the voltage 
2 gain per stage is high and the fre- 
-4 quency response can be seriously 

affected by quite small stray capacity 
® couplings. 
° Fig. 4 is a photograph of the assembly 
= out of its case, showing the upper 
side of the chassis. It will be noted 
that 7,, V, and V, are carried on 
a rubber-mounted sub-chassis at one 
fo) end of the amplifier while the power 
unit is housed in a separate compart- 
ment at the other end. 
-4 The weight of the complete assem- 
bly as originally designed was 194lb. 
and with the new power transformer, 
the figure is reduced to just under 
181b. 


Performance 


The following figures give the per- 
formance of a typical specimen of the 
amplifier described above. 


-6 


FREQUENCY RESPONSE 

See Fig. 5. The constancy of the output impedance 
with frequency can be judged from the small difference 
between the frequency response in the on-load and open- 
circuit conditions. This difference can be made even 
smaller by adjusting the value of C., to suit individual 
output transformers, the leakage reactance of which varies 
slightly according to the tension used in winding them. 
In the case of the 12 ohm output, there is no compensation 
for leakage inductance and the output impedance there- 
fore rises slightly at high frequencies. However, the 
cone loudspeaker used presents an inductive load so that 
no loss occurs in practice from this cause. 


NOISE 
With main gain control set at maximum 
Gain Noise output, relative to ImW 
90 —38db 
80 —44db 
70 —48db 


For comparison it may be noted that the calculated out- 


6 (left). Overall distortion 
Fig. 7 (belae). Distortion of 12 ohm outpot stage 
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ks a i iG, Re apie. il _ | the peak programme meter. As this type 
‘ OUTPUT HELD CONSTANT AT+IOdb of distortion is greatest immediately after 
|_| BY ADJUSTMENT OF MAIN GAIN CONTROL ,___| _ the arrival of a signal, betore the capa- 
20;- oo 60c/s T citor C,, has had time to charge, steady- 
--—= the/s | | state measurements are misleading and 
| | | | careful listening tests had to be carried 
"os Sse ee ee a at sal T aes out to check the performance of the 
9 | | | | | amplifier in this respect. 
a Oe ee pee a | | 4 Fig. 6.shows the overall distortion with 
Z12 9Odb GAIN the 70db gain setting and the control 
% B potentiometer at maximum. Here, the 
< | | 4 distortion is principally that of the line 
ee _ se Os | amplifier 
wa | . : : . 
g Fig. 7 shows the distortion of the 12 
a _| ohm outpui stage under the same con- 
ditions. 
A 
Fig. 8 shows the distortion introduced 
0-0 - - - - - by the first stage, the output to line being 
— ee Oe ees es els ro an 3° restricted to a low value so as to keep 
Fig. 8. Distortion of Grst stage other distortions small. 
put from thermal agitation in the input circuit, including Acknowledgments 


300 ohms source, is —42db for a 15kc/s frequency band 
and 90db gain. 


DISTORTION 

To cover all possible gain settings, the circuit has been 
treated for the purpose of distortion measurement as two 
separate amplifiers in cascade. 

All amplifier valves are operated under class-A condi- 
tions with sufficient negative feedback to keep the distor- 
tion small over the working range. In these circumstances, 
it is legitimate to take the total harmonic distortion as an 
indication of the degree of linearity of the system. An 
exception must be made in the case of the distortion 
introduced into the monitoring circuit by the rectifier of 





"THERE is present at the input of an amplifier a random 
noise voltage which is the sum of the Johnson noise in 
the resistive component of the input impedance and the 
valve noise. In a typical case for a 20kc/s bandwidth the 
noise across a 100 kilohm resistor will be about 5 micro- 
volts and valve noise will be much less. Hum will be present 
but by selecting a suitable valve and paying attention to the 
layout of the input stage the hum can be reduced to within 
6db of the Johnson noise and at this level the insensitivity of 
the ear at mains frequencies renders it inaudible while the 
smooth hiss of random noise is clearly heard. 

If the signal is derived from a modern transducer it will 
be only a few hundred microvolts and at the output of 
the transformer cr equalizer will probably not exceed 50 
millivolts peak. This fixes the best possible ratio of wanted- 
unwanted output at about 70db. ‘It is unlikely that the 
amplifier will not generate much more than that. If, how- 
ever, negative feedback is applied from the output to the 
input it will reduce the distortion and by using part of the 
input signal to overcome the feedback voltage, it will 
degrade the signal-random noise ratio in the same measure. 
It is therefore practical to make an amplifier which is noise 
limited, that is one which has at the rated output noise and 
distortion equal. It cannot be bettered, for more feedback 
would reduce the distortion but it would then be masked 
by the noise, less would mean that a possible reduction has 
not been realized. 

Given input and output signals and impedances it is 
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possible to fix an absolute limit to the performance in 
terms of random noise, the nearest approach will be the 
noise limited condition. It is hoped shortly to describe an 
audio amplifier noise limited over the audible range in 
which noise and distortion are .03 per cent of the rated 
fifteen watts output—voltage of 15 volts. 

The author has been denied the opportunity to extend 
the theory to the wide band amplifiers used in television, 
in that field ‘the construction of a noise limited amplifier 
should be much simpler. 


JOHNSON NOISE 
The random noise in a resistance of R ohms is 
V 4ktrAf 
Where &k is Boltzmann’s constant, 1.37 x 10-** 
t is the absolute temperature 
Af is the bandwidth in c.p.s. it can be 
taken as the half power points with 
negligible error. 


VALVE NOISE 
Valve noise is referred to an ohmic resistance which 
would give rise to the same noise by the Johnson effect. 
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Microwave Rotating Joints 


(Part 1) 


By J. P. Grantham * 


ICROWAVE aerials are frequently required to have 

very narrow beamwidths and also to cover a field of 
view much greater than a beamwidth. Continuous rotation 
is usually required in the horizontal plane and vertical 
movement is necessary in some cases. When a waveguide 
feed is used, one or more rotating joints will be required 
between the fixed waveguide and the feed attached to the 
aerial; it is not usually desirable to fix the whole of the 
microwave equipment to the aerial. 

This paper describes most of the known forms of micro- 
wave rotating joints in such a manner that anyone requir- 
ing a rotating joint for a specific application may be able 
to decide which form is the best for that application. In 
cases where the author’s work has added to the information 
already published, the results of this work are given in 
the text; in other cases, brief descriptions only are given 
and fuller details may be obtained by reference to the 
works listed in the bibliography. It is hoped that reference 
to this paper and to the appropriate works in the biblio- 
graphy will help the reader to design the required form of 
rotating joint with the minimum experimental work. 
Curves of guide wavelength against free-space wavelength 
are given for the H,., and E,., modes in circular wave- 
guides and there is a short appendix devoted to radial 
waveguides as applied to half-wave chokes. 

The material in this paper is drawn from the author’s 
original work and from general literature published in this 
country and the U.S.A. The author has been faced with 
various problems concerning’ rotating joints for broad- 
band X-band‘(3cm) applications. These problems led to 
investigations of the various rotating joints using circular 
waveguides carrying the E,., mode and to the abandon- 
ment of this form of joint in favour of the concentric-line 
type. In the course of these investigations, circular wave- 
guide rotating joints, using the E,., mode, of the types 
referred to in the text, were designed on the lines indicated, 
using the original papers on the subjects. Although most 
of these papers are not generally available, and are, there- 
fore, not listed in the bibliography, the more important 
parts of the work described in them appears in the litera- 
ture in the bibliography. In general, the results given in 
these papers were confirmed and in this paper the author 
has laid stress on the disadvantages found to belong to 
these joints. These disadvantages led to a search for a 
different form of rotating joint and to the investigation of 
the concentric-line joint. The work on the concentric-line 
joint produced an improved form of doorknob coupling, 
which satisfied the author’s requirements. The new type 
of doorknob concentric-line-to-waveguide coupling forms 
the basis of a broad-band rotating joint requiring no match- 
ing diaphragms. One of the problems encountered was the 
design of a two-channel rotating joint, whose characteristics 
did not vary on rotation and where one channel was to 
carry low power only; the concentric line joint was the only 
solution found to this problem; the low power channel 
was run down the centre of the high power line, the latter 
being designed for maximum power-capacity. The small 
size of the concentric-line joint was found to be an advan- 
tage in applications involving high rotation speeds. The 
slip-ring joint mentioned at the end of the paper was 
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developed in the laboratory for a special application, 
but was never put into production. Sufficient 
work was done on this joint to show that the 
design is quite practical and it is deemed worthy of mention 
as it is one of the few joints that can be designed with a 
large diameter hole in the centre of the structure. 

A suggestion for a new form of concentric-line-to- 
waveguide transformer is made later in this article. 
The idea is suggested by the bi-conical dipole, 
which is known to be a very broad band aerial. 
Unfortunately, it has not so far been possible to 
carry out any work on this subject. If the reader wishes 
to investigate this transformer, there are many papers avail- 
able on bi-conical dipoles and the textbooks listed in the 
bibliography consider the concept of aerials in waveguides. 

The text of the paper is divided into two main sections; 
Section 1 being concerned with Circular-Waveguide Rotating 
Joints and Section 2 with Concentric-Line Rotating Joints. 
There follows a short description of the slip-ring joint and 
an appendix on radial waveguides. 

As the circular-waveguide rotating joint is commonly 
used at the present time, and was investigated by the author 
before any work was done on the concentric-line joint, it 
will be considered first. 


Circular-Waveguide Rotating Joints 


The form of rotating joint most widely used at the 
present time consists of a  rectangular-waveguide-to- 
circular-waveguide transition, followed by a length of 
circular waveguide and completed by a second transition. 
The circular waveguide is broken at one point to permit 
rotation, some form of half-wave choke being used at the 
break. 

In order to obtain the full 360° rotation, a circularly 
symmetrical field is required in the circular waveguide in 
the plane perpendicular to the axis. The five lowest modes 
(in order of cut-off wavelength) in circular waveguides are 
H,., Wo=— sala); £,., GQs=—Z6la); FH... (> = 206a); 
H,., (Ac = 1.64a); E;., (Ac = 1.64a): where a = tube radius. 
It will be seen from Fig. | that the E,., mode is the lowest 
that is suitable. 

The circular-waveguide-to-rectangular-waveguide transi- 
tion should therefore excite the E,., mode in the tube with 
minimum reflexion and should, preferably, suppress the 
H,., mode. As the H,., mode may be suppressed elsewhere 
than in the transition, it is proposed to consider transitions 
first purely as E,., couplings and then to deal with the 
more difficult problem of H,., suppression. 


RECTANGULAR WAVEGUIDE TO CIRCULAR WAVEGUIDE 

TRANSITIONS 
Type |. Fig. 2 

The transformer is matched by the piston P and also 
with a diaphragm in the rectangular waveguide. This 
coupling is narrow-band and is not now in general use. 
It is convenient for spot-frequency use in the laboratory, 
when an adjustable piston can be incorporated in the equip- 
ment. A development of this transformer, in which the 
piston is inside the end of the tube, forming a flat step, 
(Fig. 3) is in use at S-band, but has not been adopted for 
X-band equipments on account of voltage-breakdown 
troubles. 
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Type 2. Fig. 4 

The transformer is matched by the half-wave stub, the 
stub length being made approximately half a guide-wave- 
length for the E,., mode. A bandwidth of about 5 per cent 
can be obtained, if a matching diaphragm is used in the 
rectangular waveguide. The match can be improved by 
choosing the optimum diameter for the stub, which will be 
less than the tube diameter. 
Type 3. Fig. 5 

The coupling is matched by a transformer at the end of 
the circular waveguide, the rectangular waveguide being 
fed into the transformer section. The diameter d is chosen 
to give the best match. A good broad-band transformer 
is obtained by adding a capacitive diaphragm in the 
circular waveguide and an inductive iris in the rectangular 
waveguide. It is claimed that such a transformer gives an 
input V.S.W.R. not less than 0.9 over a 12 per cent band. 

The above remarks relate to a single transition. A com- 
plete rotating joint will consist of two transitions joined by 
a length of circular waveguide. The length (L) of the joint 
may be chosen so that the impedance changes with wave- 
length of the two transformers approximately cancel over 
a band. As this band becomes smaller as the length of 
the joint is increased, this method of improving the match 
is only effective with short joints; the phase change with 
wavelength increases as the length of the joint increases. 
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Fig. 1. E and H fields in 
circular waveguide transition 


Fig. 2. Simple narrow band 


The following results (taken by Preston at M.LT.) will 
serve as an example. The two lengths chosen were adjacent 
worst and best lengths. 











Wavelength V.S.W.R. | V.S.W.R. 
(cm.) (L=9.4cm.) (L=7.S5cem.) 
3.170 | 0.89 0.96 
3.185 | 0.94 0.95 
3.200 | 0.95 | 0.95 
S215 | 0.89 0.95 
3.230 0.83 0.93 











THE SUPPRESSION OF THE H,., MODE IN CIRCULAR WAVE- 

GUIDES 

The presence of the H,., mode is most noticeable when 
the length of the tube approaches a multiple of half a guide- 
wavelength for the H,., mode. If the rotating joint is to 
be used over a narrow band, so that the length may be 
chosen to lie well clear of an H,., resonance, elaborate 
precautions for suppressing the H,., mode are not 
required. 

In all the simpler methods to be described, suppression 
is not complete and resonance will occur as the effective 
length L of the tube approaches a multiple of half a guide- 
wavelength for the H,., mode. The input impedance varies 
over a wide range around such resonances. Since the H,., 
mode is not axially symmetrical, the effective length L will 
vary as one end of the joint is rotated relative to the other. 
This means that for each frequency over a band there 
will be an angular position at which resonance occurs. 
This is one limitation on the useful bandwidth of the joint. 
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It has been shown (Farr—M.LT.) 
that at resonance for a first order 
mode: 

L/Ag = 4 + Ga)cos“'[cos(a + /) 
cos’¢ + cos(a — /3)sin’é] 
where 6 is the angular position of 
one coupling relative to the other. 


A, is the guide wavelength for 

the mode considered. 

a and #8 are characteristcis of 

the couplings. 

Thus the requirements for a 
broad band between resonances 
are that a and £ be small. How- 
ever as the couplings must in the first place be designed 
for good E,.,-transformation and good H,., suppression 
it is not usually possible also to design for the smallest 
change of L on rotation. 

There is another limitation on bandwidth between 
resonances, depending on the length of the joint. This may 
be shown as follows: 

For a given L, let there be a resonance at A,. 

Calling the guide wavelength for the H,., mode (A,), at a 
free space wavelength A,. 





Fig. 3. Improved narrow 
band transition 
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Fig. 4. Stub matched Fig. 5. Transformer matched 
transition transition 


at another wavelength A., calling the H,., guide wavelength 
(A,), there will be a resonance when 


BSS PAC US) 8a) Oe (1.2) 

Then 
Te | OR iia Macitsee XS (1.3) 

Now 
SW PVI/ Os Ei OR) Sikes aors (1.4) 

Therefore 

(nifinep): =P NS fA) A Ag) sxcee's (1.5) 
as n increases, the left-hand side of Equation (1.5) 
approaches unity, and A, approaches A... Therefore, the 


useful bandwidth of the joint decreases as the length of the 
joint is increased, until the bandwidth becomes zero. 

Where Af is the band over which resonance occurs on 
rotation, a representative figure for Af/f is 1 per cent. 
This must in practice be increased to about 2 per cent to 
allow for manufacturing tolerances. 

Even at frequencies well clear of resonance the presence 
of the H,., mode will be noticed in a change of phase of 
the input match on rotation, which may in some cases 
cause pulling of the transmitter frequency. 

There follow descriptions of three methods of suppress- 
ing the H,., mode. In general, the effect of rotation 
on the resonant frequency is greatest in rotating joints 
employing resonant rings in circular waveguides. 
Method |. Fig. 6 

Two rings, resonant to the H,., mode, are placed in the 
circular waveguide perpendicular to the axis of the tube, 
one near each end of the tube. The exact position is chosen 
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to give the best match consistent with a small change in 
input match on rotation. The best position for the rings 
will be about half a wavelength (for the H,., mode) from 
the ends of the circular waveguide. Some experimental 
results are given at the end of this sub-section showing 
the effect of ring position in an S-band joint. The amount 
of H,., power transmitted by the ring increases as the 
polarization of the E vector approaches the direction of 
one of the arms supporting the ring. If the ring is mounted 
on metal arms, this variation is large and the amount of 
H,., power transmitted in the worst position is large 
enough to make the mode suppression ineffective. A 





Metal arms Mica support 


Fig. 6. Resonant ring for mode suppression 


change has been quoted of | per cent to 50 per cent H,., 
power transmitted by a ring with two metal supporting 
arms. It is usual, therefore, to mount the rings on insulat- 
ing arms Or supports. The material used must not distort 
at the temperature reached inside the waveguide, as even a 
small distortion will move the rings sufficiently to upset the 
match. If distrene is used there is a danger of the rings 
falling out altogether. Fluon (polytetrofluorethylene) 
would be more suitable, but is not very rigid. Ruby mica 
has proved satisfactory at S-band, but great care is 
needed when assembling the rotating joint if the mica is not 
to be damaged. eS yc Dees 

The bandwidth of . 
the resonant rings 
themselves is ade- a a a 
quate, as other 
factors limit the 
bandwidth of the 
joint to less than the 
ring bandwidth. 

Voltage - break- s © 
down problems are 
often encountered 
with H,., resonant 
rings. While it is 
true that a polished 
ring with rounded 
edges will not cause 
breakdown below 
about 400kW at X- 
band, at atmospheric 
pressure, and with a 
V.S.W.R. of 0.5, this figure is greatly reduced in practice. 
A rough ring surface or the presence of small particles of 
foreign matter on the ring or ring supports (such as 
grease from the bearings) will reduce the safe operating 
power level. Unless a clean dry atmosphere is maintained 
inside the tube, this form of H,., mode suppression is not 
satisfactory above 200kW to 250kW at X-band. 

The following results were obtained at a wavelength of 
10cm on one coupling of a joint of the improved Type 1. 
The H,., mode was suppressed with resonant rings, which 
were 4.9cm. apart. One end coupling was replaced by an 
extension of the circular waveguide, terminated by a 

















Fig. 7. Stubs for matching and mode 
suppression 
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matched load. The rings were kept 4.9cm apart, and the 
pair was moved towards the transformer in small steps. 
The input V.S.W.R. with the rings in the original (best) 
position was 0.92. 








Movement Input 
of Rings V.S.W.R. 
From original 
position (cm.) 0.92 
0.5 0.92 
15 0.82 
22 0.72 
3.5 0.70 
4.5 0.65 
ee 0.60 














Method 2. Fig. 7 

The rectangular waveguide R is fed into the side of the 
circular waveguide S and a circular cavity C is placed at 
the end of the circular waveguide. The length / of the 
cavity is measured to the centre line of the rectangular 
waveguide, and the length LZ of the tube is measured 
between waveguide centres. 

The cavity C may be considered as a reactance in series 
with the input. For good E,., transformation, a low series 
reactance is required and / should be half a wavelength for 
the E,., mode. Excitation of the H,., mode will be dis- 
couraged if the series reactance for this mode is high, that 
is if / is made an odd number of quarter wavelengths for 
this mode. 

If / is made half a wavelength for the E,., mode, the 
E,., transformation will be good. An H,., resonant ring 
may then be placed in the cavity a quarter guide-wave- 
length for H,., from the input to the cavity. The cavity 
will still behave as an E,., half-wave stub, but will also 
be an H,., quarter-wave stub. 

The objections to a resonant ring discussed above also 
apply in this case, but there is an alternative solution, 
which forms the basis of many rotating joints in use at 
the present time. 

If 1 is made three-quarters of a guide-wavelength for 
the H,., mode, a high series reactance will still exist for 
that mode. By choosing a suitable diameter for C, / can 
be made sufficiently equal to both three-quarters of a 
guide-wavelength for H,., and half a guide-wavelength 
for E,.,. The use of a three-quarter wave stub restricts 
the bandwidth to some extent, but a bandwidth of at least 
5 per cent can be obtained with this transformer. 

A good input match can be obtained under these condi- 
tions, but the cavity dimensions are very critical. It has 
been common practice to aim at an input V.S.W.R. of 
about 0.7 and to improve this with an inductive diaphragm 
in the rectangular waveguide. However, if care is taken 
to hold the cavity dimensions within close limits 
(+ 0.001 inch), and to keep the cavity very clean, an 
acceptable match can be obtained without matching irises. 
This is important when the joint is to be used at high 
powers. It is not possible to increase the bandwidth by 
reducing the Q of the cavity, as the H,., mode suppression 
then becomes ineffective. 

Suppression of the H,., mode is not complete, and a 
rotating joint of this form can only be used clear of H,., 
resonances. Long joints have not proved satisfactory, as 
a reasonable bandwidth can only be obtained by holding 
the tolerances within very close limits; manufacture of the 
tube becomes difficult. At X-band, the useful limits of 
the joint are about 3in. for a 5 per cent to 7 per cent 
band and about 12in. for a 2 per cent band. 

Method 3. 

The H,., resonances could be eliminated if nearly all the 
H,., power in the circular waveguide was “coupled” out 
of the waveguide into absorbing loads. A method of 
achieving this has been developed and is normally used in 
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conjunction with one or other of the designs described 
above. 

Narrow longitudinal slots in the circular waveguide will 
couple to the H,., mode but not to the E,.,. As any H,., 
wave may be resolved into two H,., waves with their 
polarizations at right angles, four slots spaced at 90° in- 
tervals round the tube will couple to any H,., wave in the 
tube. These slots may conveniently couple into a 
cylindrical cavity where the H,., power is absorbed in rings 
of resistive material. At X-band the slots will be rather 
less than one inch long, so the unit is quite compact. It 
is usual to place an absorbing cavity of this type near each 
transition, but in cases when the tube is broken near one 
end it is quite satisfactory to use only one cavity at the 
middle of the tube. When a single cavity is used, greater 
care is required in design and construction if all the H,., 
power is to be absorbed. When a very long joint is 
required to operate over a broad band, it is recommended 
that two cavities be used. 

Rotating joints of this form have been made as long as 
3ft with bandwidths of 12 per cent at X-band. It is clear 
that when H,., resonances can be neglected it is not neces- 
sary to maintain close tolerances on the tube diameter and 
a long joint becomes a practicable possibility. It is still 
necessary to maintain close tolerances at the end transi- 
tions if a good input match is required. If it is required 
to limit the change of phase of the input match on rotation, 
it is important that the circular waveguide be truly circular. 
A tolerance of + 0.00lin. is required on circularity, that 
is the difference between maximum and minimum dia- 
meters at a given cross section, for negligible change of 
phase on rotation in an X-band joint. A variation of 
diameter along the tube of 0.00lin. to 0.002in. is 
acceptable. 


THE EFFECT OF CAVITY VARIATIONS ON INPUT MATCH 
The following effects were observed on a rotating joint 
of the type described under Method 2: 


When the cavity surfaces were clean but not polished 








Wavelength ' Input 
Mem! V.S.W.R. 

3.03 | 0.80 

3.08 0.78 

3.1 0.71 








When the cavity surfaces were polished 








3.03 0.84 
3.08 0.83 
3.13 | 0.90 








It is most important that there is good electrical contact 
between the end of the cavity and the walls. Indeed, the 
cavities should be made from solid castings; soldered end 
plugs have not proved satisfactory. The figures below 
relate to four production samples, A and B having cavities 
machined from solid castings, C and D having soldered 
end plugs. 





Wavelength Input 
Sample (cm.) V.S.W.R. 


A 3.03 0.93 
0.94 
0.79 
0.85 


3.08 0.99 
0.99 
0.73 
0.88 


343 0.97 
0.93 
0.67 
0.99 
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The following measurements taken on a rotating joint ot 
the type described under Method 2 show the effect of small 
changes in cavity dimensions. The circular waveguide 
diameter was 1.180in.; the length between the rectangular 
waveguide centres was 3.625in. No matching diaphragms 
were used. The cavity length was measured to the centre 
line of the rectangular waveguide. 





























Wavelength 
(cm.) Input V.S.W.R. for various cavity lengths 
1.065 in. | 1.079 in. | 1.109 in. | 1.125 in. | 1.140 in. 
3.18 0.73 0.74 0.71 0.73 0.74 
3.20 0.97 0.96 0.87 0.92 0.87 
3.22 0.62 0.62 0.79 0.71 0.75 








The cavity diameter was 1.030in. throughout. 

















Wavelength 
(cm.) Input V.S.W.R. for ry cavity diameters 
1.030 in. 1.062 in. 1.078 in. | 1.093 in. 
3.18 0.71 | 0.58 | 0.57 
3.20 0.87 ° ‘I 0.57 0.54 
Se 0.79 0.71 0.67 0.57 











The cavity length was 1.109in. throughout. 

The following measurements were taken on a joint of 
similar type, with the circular waveguide diameter 1.187in. 
and length 16in; the cavity diameter was 1.030in. 





Wavelength 


(cm.) : Input V.S.W.R. for various cavity lengths 
| 
| 








1,250 in.| 1.235 in| 1.221 in} 1.187 in.|1.156 in.|1.125 in.| 1,095 in. 








S21 0.33 | 0.25 | 0.35 | 0.96 | 0.82 | 0.71 | 0.68 
3.23 0.76 | 0.84 | 0.89 | 0.88 | 0.92 | 0.78 | 0.72 
SiZo | 0.58 | 0.56 | 0.53 ; 0.50 | 0.32 

0.56 | 0.51 | 0.51 | | 0.49 | 0.47 














oo 





The cavity length was now fixed at 1.095in.; and the cavity 
diameter varied. 





Wave- Input V.S.W.R. for various cavity diameters 


length 
(cm.) |1.030 in.|1.043 in./1.058 in.| 1.062 in.|1.072 in.|1.082 in.| 1.092 in.|1.102 in. 








3.21 | 0.68 | 0.71 | 0.75 | 0.76 | 0.80 : >i "y 
3.23 | 0.72 | 0.96 | 0.81 | 0.78 | 0.73 | 0.69 | 0.66 - 
3.25 | 0.32 | 0.55 | 0.83 | 0.88 | 0.92 | 0.81 | 0.74 | 0.69 
3.27 | 0.47 | 0.56 | 0.71 | 0.73 | 0.81 | 0.81 | 0.93 | 0.97 
































* Signifies the presence of H,., resonance. 


N.B.—The above examples are not intended to show the 
best rotating joints that can be designed, but to 
show the order of the effects of varying the cavity 
parameters. 


Rotating Joint with Circular Polarization in the Tube 


A rotating joint using rectangular-to-circular-waveguide 
transitions with circular polarization in the tube has been 
designed. This form of joint is seldom used, as resonance 
problems arise and can only be overcome by methods at 
least as complicated as those applied to the E,., type of 
joint. A short description of this joint is given in “ Micro- 
wave Transmission Circuits” (Vol. 9 of the Radiation 
Series.) 


(To be continued) 
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Electro-Ceramics 


with special reference to Pyrophyllite 


By N. E. Hyde* 


RAW materials for certain of the ceramics used by the 
electrical industries of this country are obtained from 
Bavaria, Italy, India and Egypt. As a result, supplies of 
these ceramics during and immediately after the recent 
war were seriously curtailed, and in order to avoid a 
recurrence of such a situation in any future emergency, a 
search for a more readily accessible substitute was 
instituted. 

A ceramic-like mineral called pyrophyllite, which was 
alleged to have stable firing properties and extremely small 
shrinkage, was thought to be a likely and useful substitute 
ceramic and a preliminary survey confirmed this view. 

The main conclusion drawn from this survey was a 
strong recommendation that a comprehensive investigation 
of pyrophyllite should be conducted. The report was 
distributed throughout the Service Establishments, and, in 
November, 1949, an Inter-Service Development Contract 
was placed with Messrs. Bullers, Ltd., of Stoke-on-Trent. 
The contract covered, firstly, full investigation into the 
physical and electrical properties appertaining to the unfired 
and the fired material; secondly, the initiation of experi- 
ments with various mixes in an endeavour to improve the 
H.F. properties should it be found necessary; and finally, 
investigation of the moulding properties of the powdered 
material with a view to large-scale production. 

It is proposed in this article first to give a very brief 
account of the origin and history of ceramics, and the 
processes involved in their manufacture, and then to record 
the more important characteristics of the pyrophyllite 
ceramics evolved by Messrs. Bullers as a result of their 
investigation.’ 


The Origin of Ceramic Raw Material 


There appears in nature a great number of rocks or 
earths which, when mixed with water, form a plastic body 
or clay capable of being moulded and formed into various 
shapes (called in the trade “ green * ware) which, after 
the process of firing are termed “ biscuit.” At any stage 
in production the material can be called the “ body.” 

These so-called pure clays used in the ceramic industry 
are said to be the result of decomposition under the 
influence of water or carbonic acid, of certain eruptive 
silico-aluminous rocks containing foreign matter. After 
decomposition there only remain soluble bases, a certain 
quantity of silica and the so-called pure clay 
Al,O,.2SiO,..2H,O referred to above, although such 
chemical purity as the formula suggests is not found in 
nature. 

Among the rocks which produce these clays the most 
important are the feldspathic rocks, granites, porphyry, 
gneiss and eurites. When these rocks contain lime, 
carbonate of lime is carried away by the rains and 
deposited as sedimentary beds. Nearly three-quarters of 
the known surface of the Earth is formed of gneiss and 
granite containing 60-90 per cent feldspar, a product of 
the decomposition, through the ages, of feldspathic or 
crystallised rock. 

The clays used in the ceramic industry owe their pro- 
perties chiefly to the hydrosilicate of alumina, designated 


* Admiralty Signal and Radar Establishment, Hazlemere, Surrey 
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kaolinite in mineralogy and pure clay in ceramic technique. 
The name kaolin is probably derived from the Chinese 
word “ kao-ling” meaning “high ridge”: the ridge, one 
suspects, from which they obtained the clay for their 
famous pottery. 


Brief History of Ceramic Ware 


The Egyptians some 3,000 years ago were probably the 
first race to discover that mud became hard under the 
influence of the sun. This occurred where the Nile had 
overflowed its banks and receded. The fact that the clay 
could be made much harder by firing was probably 
discovered by accident, although archaeologists appear to 
have proof that fired clay vessels were used in various parts 
of the world at about the same period. There is little 
doubt, however, that the Egyptians were the first people to 
make pottery.’ 

In later years, various races carried the manufacture of 
ceramic articles to a high degree of perfection, but the art 
was lost during the great migration from Europe in the 
4th, Sth and 6th centuries A.D. 

Throughout the seventeenth century strenuous efforts 
were made in Europe to reproduce the remarkably trans- 
lucent Chinese hard porcelain of the famous Sung Dynasty 
(A.D. 960-1290) but without success. This failure was 
due to the fact that nothing was then known by the 
European of kaolin, the very important constituent of the 
hard porcelain. 

The first European hard ceramics were probably made 
at Meissen in Saxony in the year 1709 and, in spite of the 
most extraordinary means employed to guard the secret 
of manufacture, it leaked out and at about this time various 
factories sprung up in different parts of Europe. Later, 
kaolin beds were discovered near Yrieux, in France, and 
their use very quickly led to the complete abandonment 
of soft porcelain in that country. The vast Cornish beds 
were subsequently discovered in the year 1768. 

This very brief summary brings us to the beginning of 
the nineteenth century, to the technicians of which 
belonged the task of uniting the different branches of the 
art; of substituting for tradition and the secrets of manu- 
facture the principles of science; of transferring the craft 
into an industry and of placing the privilege of the few at 
the disposal of all. 

Refractory ware is an invention of the nineteenth 
century, during which period scientific investigation of the 
properties of the raw materials and the accuracy of mix- 
ings, created an industry which has since rendered possible 
great progress in the electrical, metallurgical and chemical 
sciences, so that today their products constitute one of the 
most important exports. 

Although the refractory industry originated in England, 
Germany was for many years mainly responsible for the 
chief researches into the properties of the high tempera- 
ture ceramics; more recently, however, a vast amount of 
work has been carried on in this country, so that we are 
now in the forefront of the world’s development. 


Manufacturing Technique 


The visitor to any of the well-known manufacturers of 
electrical and special porcelains in this country would find 
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the production methods and machinery very similar in 
each case. As the techniques of manufacture may be of 
general interest, it is proposed to describe them briefly. 


PLASTICITY OF THE MIX 

The plasticity of the mix depends mainly upon the 
amount of water added and the physical properties of the 
clay substance itself (ball clay is more plastic than kaolin, 
for example, because of smaller particle size); if necessary 
a very little alkaline solution such as sodium carbonate 
or sodium silicate can be added to produce a “slip” of 
cream-like consistency. For hand work, more “ water of 
formation ~ (as it is called) is required than for machining 
operations, while for pressure moulding the mix should be 
practically dry or it will adhere to the metal mould. 


PREPARATION OF THE “ BODIES ” 

Apart from weathering, i.e., exposure to sun, rain and 
frost, raw material is broken up by various kinds of 
mechanical crushers, stamp mills and ball mills. The 
ingredients thus ground are stored, suspended in water at 
a fixed density, in large containers from which they are 
passed, as required, to “ Blungers” for mixing with more 
water before passing on to the various processes of clean- 
ing, sieving or screening, and settling. Due mainly to the 
inadvertant inclusion of metal in the breaking-up stages, 
it is necessary for the “slip” (as it is now called) to be 
passed over a magnetic separator before being fed to the 
filter presses where it is received into large canvas bags 
which are screwed up tightly together to remove the water. 
The clay is finally delivered in large slabs or “ filter cakes.” 
This plastic “ body” is then available for direct use or 
for “dry body” work. 


PLastic “ BopDiEs ” 

The filter cakes are thrown into mixers or “ pug mills ” 
and pass through in much the same way as meat through 
a housewife’s mincing machine, being then fed into a 
second similar machine called a “ vacuum pug.” 


This removes the air from the material which is. 


then extruded in square, round, tubular or other suitable 
section. In other cases, after the addition of a small 
amount of sodium silicate to give a creamy consistency, 





Fig. 1. ‘* Throwing ”’ 


the material passes on to the “slip casting” shop for 
pouring into moulds. In some factories this creamy slip 
is piped round in the same way as water in the home. 


Dry Mixes 
When very accurate mouldings are required, a dry mix 
becomes necessary. The filter cakes are dried, ground and 


sifted, and mixed in a special mill which is enclosed to 
prevent contamination of the air or injury to machinery. 
Water and oils are added and the mix is then ready for 
moulding. 
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* THROWING ” 

This is the well-known and ancient art of the potters 
wheel. (See Fig. 1.) A mass of clay from the vacuum pug 
mill is thrown on to an electrically-driven revolving table. 
The ancient “thrower” used to knead and reshape his 
“body” over and over again to extract the air. The 
vacuum pug mill takes the place of this operation and the 
body is extruded ready for immediate forming. A piece 
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Fig. 2. ‘* Jollying ”’ 


may be taken, spread out into a pancake on a revolving 
table, picked up and thrown on to a revolving pattern and 
the shape of the article formed in a few seconds. 


** JOLLYING ” 

In “ jollying,” the body (in a plastic state) is placed into 
or on a mould or pattern made of plaster of paris. (See 
Fig. 2.) The mould is fixed to a rotating wheel (jolly) and 
while the body rotates it is formed to shape by a profile 
tool. Automatic jollying machines have now been 
developed for production of plates, cups and saucers, etc. 
After jollying the body is removed and fired. 


TURNING 

For turning, a dryer mix is used than for jollying and 
if the article is large a semi-fired body is necessary. This 
process is similar to wood or metal turning, and the final 
shape can be quickly obtained by bringing up a profile 
tool as a last operation. 


SLIP CASTING 

For simple shapes, for instance the house brick, a wocden 
frame or mould is sufficient, but for intricate’ shapes 
plaster of paris moulds are used. These are in two parts 
and after they are tied together the “slip” (which is now 
drawn from a tap) is poured in and left for a certain time 
dependent upon the thickness of walls required, after which 
time the surplus slip is poured away. The mould is left 
for a while, then opened up and the body is removed jor 
firing. (See Fig. 3.) 


PRESSING OR MOULDING 

Pressing in steel dies is used for mass production and is 
carried out with either a wet, semi-wet or dry body. The 
technique is very similar to ordinary engineering pract-ce 
and need not be described here. 
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DRYING 

After the “ green * ware is completed by any of the above 
methods it must be dried; this process is carried out in 
heated rooms rather like components store-rooms and the 
“water of formation” is driven off. The time of drying 
is proportional to the thickness, or to the ratio of surface 
to volume for bodies of uniform thickness. Uniform 
thickness, symmetrical shape and no projections or sharp 
corners are advisable objects in design of ceramic bodies, 
otherwise cracking is likely to take place during either the 
drying or the firing process. 





Fig. 3. Casting mould open showing cast article in one half 


GLAZING ‘ 

For obtaining water-repellant surfaces in_ electro- 
ceramics transparent glazes are usually employed. The 
glaze is applied either by dipping, pouring, sprinkling or 
spraying. Glazing is “ fired on,” and can be put on before 
or after colouring. 


COLOUR 

The artistic colouring of bodies is a most intricate and 
greatly varied technique, but as it is not directly associated 
with electro-ceramics it is necessary in this short article 
to pass it by. 
FIRING—THE ACTION OF HEAT ON CERAMIC “ BODIES” 

Firing is carried out in some form of kiln, of which there 
are several types. As a result of heating, hygroscopic water 
is eliminated at about 100°C, then at between 350 and 
400°C, which must be reached slowly in order to prevent 
distortion, the combined water is driven off. Both these 
Stages are critical. The water is slowly liberated up to 
about 650-700°C during which time the clay begins to 
decompose. The hydrosilicate of alumina is completely 
destroyed, all the water removed, the carbon from organic 
matter burnt, and the material remaining is then composed 
of alumina and silica. If the temperature is raised still 
further the silica and alumina form a new anhydrous 
silicate of alumina, this combination commencing at about 
700-800°C and being completed at about 1,100-1,200°C. 
Finally, at about 1,250-1,500°C, the mixture becomes 
vitrified. If the temperature is raised still further the mass 
grows soft and ends by losing shape and fusing. In general, 
ceramics vitrify between 1,100 and 1,700°C, the refractory 
materials such as alumina and corundum requiring the 
higher temperature. 


Firing is the most important, and in manufacture, the 
most difficult operation. During the cycle of firing the 
evaporation of the moisture causes a diminution of the 
density and the volume slightly increases. When the sili- 
cates begin to be formed the body contracts and has a 
tendency to fill the empty spaces made by the evaporation 
of the water and contraction of the organic materials. 
This continues until vitrification, when the body becomes 
— and the apparent density attains its greatest 
value. 


ELECTRONIC ENGINEERING 338 


TEMPERATURE CONTROL 

Control of kilns is carried out by one or both of the 
following methods:— 

1. Pyrometer control. 

2. Direct observation. 

The former needs no description but its disadvantage is 
that it gives no indication of the effect of temperature upon 
the body being fired. This may be ascertained in a variety 
of ways, the most well known being the use of Seger Cones. 
(See Fig. 4.) These cones are made of various ceramic 
mixes and the temperature at which they “ squat ™ indicates 
the effect of the heat on the work done on the bodies. Seger 
Cones are calibrated and have “ squatting” temperatures 
of 20-30°C between each cone number. These are passed 
through the kiln with the articles being fired. 


Origin of Raw Materials for Ceramics used in the Electrical 
Industry 


Ceramics used for insulation at low frequency are made 
from china clay (from Cornwall) ball clay (from Dorset 
and Devon), feldspar (from Norway, Sweden and Canada), 
and quartz (silica sand) which is found in England, 
although the best quartz sand beds are at Fontainbleu in 
France and in Belgium. For ceramics used as high- 
frequency insulators some of the above materials are 
employed together with fluxes, but the main constituent is 
steatite derived from Bavaria, Rumania, Italy, Spain, 
Egypt, India and Manchuria. Other ingredients are 
titanium oxide, barium and strontium sulphate fluxes, and 
calcium. 


Origin of Raw Materials for Pyrophyllite Ceramics 


Variations in the composition of various rocks, as well 
as in the circumstances of their decomposition, explain the 
formation of other hydrated silicates of alumina having 





Fig. 4. Pyrometric cones 


similar composition to kaolinite; among these is pyro- 
phyllite. Some geologists suppose that some of these 
rocks may be distinct eruptive products. This especially 
appears to be the case with pyrophyllite which is a 
sedimentary and very finely grained compact rock of meta- 
morphosed clay, probably derived from volcanic ash. It 
has exceptionally uniform texture and composition and 
is practically free from impurities. 

Pyrophyllite, sometimes known as “G” stone, Koranna 
stone or Wonderstone, occurs in large quantities near the 
village of Ottosdall in the Lichtenburg district of the 
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Western Transvaal of the Union of South Africa. The 
main quarry is on a farm at Gestoptefontein where com- 
munication to Johannesburg (165 miles away) is good. On 
this farm alone the deposit is estimated to be about 600 
feet in thickness. A hole bored 200 feet into a hill pene- 
trated the mineral without encountering bands of rock. 
A conservative estimate gave about 60,000 cubic feet (or 
roughly 5 million tons) for the contents of this hill. In 
the whole of the region the quantity available must be 
enormous. 

Pyrophyllite was introduced into the United Kingdom 
by the Minerals Research Laboratory of the Department 
of Mines of the Union of South Africa under the auspices 
of South Africa House, London, in the year 1937. Little 
was known concerning its physical and electrical properties 
as the majority of the tests which had been carried out 
were to what are now considered obsolete specifications. 
However, the use of the material for experimental and 
prototype work had been proved by several research 
laboratories in the United Kingdom, and in 1947 the 
Admiralty Signal and Radar Establishment used it for the 
first time in several experimental equipments where a 
ceramic body was required which could be machined, fired 
and ready for use in a few days. 

At about this time some preliminary moulding indicated 
that by using a binding agent of either commercial sodium 
silicate, gum arabic or fire clay, dry pressings which well 
maintained their shape after firing, with good edges and 
a smooth surface, would become a practicable proposition. 
The sodium silicate mix gave the best results. 


Properties of Pyrophyllite 
CHEMICAL COMPOSITION 
The bulk of pyrophyllite is made up of silica and 
alumina, as is shown by the following approximate 
analysis (by weight):— 
100 ft. 300 ft. 
Surface deep deep 


Silica (SiO,) ee 56.29 56.08 54.38 
Alumina (AI,O,) ; 4. “SoS. 3357 S388 
Ferric Oxide (Fe.O,) ae P12 0.79 Wag 
Titanium Oxide (TiO,) .. = 2.54 2.42 2.54 
Lime (CaO) sie Mets. aes 0.32 0.29 0:22 
Magnesia (MgO) co sn (0:41 0.24 0.36 


The small variation in chemical composition at various 
depths indicates that the rock is of fairiy homogeneous 
character. Two interesting features are. the relatively high 
titanium content and, at the greater depths, the decrease 
of silica content. 

A molecular formula (calculated from the above data) 
of 3SiO,.Al,0,.H,O may be assigned to the mineral com- 
posing the rock. A mineral of this composition is pyro- 
phyllite. 


PHYSICAL PROPERTIES 


Water Absorption 

Despite statements to the contrary, pyrophyllite, even in 
the raw unfired state, only atsorbs 0.25 per cent by 
weight after 24 hours immersion in water, and after firing 
to vitrification there is no measurable absorption. After 
dry pressing of a mix there is no absorption after firing at 
1,300°C. This is comparable to the “radio frequency 
ceramics,” and better than the pressed electrical porcelains 
used for low tension work. 


Thermal Shock Resistance 

An interesting feature is that when test specimens of 
lin. diameter by lin. long are heated and then plunged 
into cold water, cracking does not take place unless a 
temperature of 200-220°C has been reached. This is better 
than the refractory porcelain used for electric fires, etc.; 
when mixed with a small amount of sillimanite (an 
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aluminium silicate obtained from India), even better 
resistance to thermal shock is attained. 


Mechanical Strength 

Natural pyrophyllite fired at 1,275°C has a tensile 
strength of 6,200Ib/sq. inch, which is comparable with that 
of any other electrical porcelain. The bending strength is 
1,400lb/sq. inch (“natural fired” at 1,435°C) and 
6,5001b/sq. inch when moulded and fired. These figures 
are comparable with those for the pressed electrical 
porcelains. The impact strength of a moulded pyro- 
phyllite mix fired at 1,275°C is much higher than 
that for the equivalent moulded electrical porcelain; 
when fired at 1,435°C it is more than twice as strong, 
having an impact figure of 0.230 inch Ib. 
Machinability 

As will be seen from the illustrations in Fig. 5, 
pyrophyllite can be formed into many diverse shapes. Any 
wood or metal working tool can be used for this purpose 
and the raw material can be turned, milled, ground, drilled 
and tapped, or powdered and mixed with other ceramics: 
and fluxes for moulding. 








Fig. 5. Examples of Pyrophyllite components 


(Top) Coil formers for a delay line in which 2-microsecond sections are 
in‘erlocked as required 


(Bottom) Coil assembly for 5kV RF. power unit 


The ease of machining immediately suggests use in 
laboratory engineering and experimentation; it may be 
found advisable, however, to employ dust extractors to 
remove the fine dust produced during cutting. 

If the machined raw material is fired properly there is 
no measurable shrinkage, this is a property not shared with 
any other ceramic material. 


ELECTRICAL PROPERTIES 

The power factor at |1Mc/s for the natural material fired 
at 1,435°C is 0.007, and at 10Mc/s it is 0.0036. One mix 
has a power factor at I1Mc/s of 0.002. The permittivity is 
5.2. Surface resistivity is of the order of 5 x 10'° ohms per 
unit square when enclosed at 100 per cent humidity for 
24 hours, this property being similar to that of electrical 
and radio frequency ceramics. Volume resistivity is very 
high being of the order of 1.3 x 10'° ohms per cm cube at 
room temperature. The electrical strength is SO0kV 
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(R.M.S.)/inch, which is comparable with other electrical 
ceramics. Surface breakdown voltage is of the order of 
16kV across a | inch length between brass electrodes. 


MOULDING 

One of the main requirements in the contract with 
Messrs. Bullers, Ltd. was to confirm the “ mould- 
ability ’ of powdered pyrophyllite. A series of ceramic 
“bodies,” based on pyrophyllite with the addition of 
ceramic plasticiser (bentonite) and various fluxes, was 
made with the object of finding a mixture which would 
vitrify at a firing temperature in the range 1,250-1,300°C, 
this being the temperature used for electrical porcelain. 

By using two parts of bentonite to 100 parts of pyro- 
phyllite powder satisfactory dry pressings which require a 
high firing temperature were obtained. It should here be 
mentioned that dry pressings are those containing a 
moisture content of 1 to 5 per cent and are used when 
minimum shrinkage is necessary to maintain close dimen- 
sional tolerances, whereas wet pressings are those contain- 
ing a moisture content of up to 15 per cent. The plasticity 
of a wet “ body” enables more complicated shapes to be 
produced using simpler dies than with the dry pressing 
technique. 

Some “ bodies” based on pyrophyllite but with additions 
of bentonite and various ceramic fluxes were tried out, and 
with nephylene syenite alone or with barium and stron- 
tium, a satisfactory vitrified body was produced at the 
normal firing temperature of 1,250-1,300°C. Such a body 
may be machined after firing. The addition of the barium 
and strontium enabled a lower percentage of nephylene 
syenite to be used and so improved the electrical properties. 


The two mixes found satisfactory are:— 


Mix No.1 Mix No. 2 
Pyrophyllite .. .. ee UU 100 
Barium Sulphate .. .. ... — 5 
Strontium Sulphate te ee 5 
Nephylene Syenite [ea JD 10 
Bentonite 5g er see ee es Zz 2 


Two satisfactory materials for producing good wet press- 


The De Luxe Home Built Televisor 


During the four years since the booklet describing the 
ELECTRONIC ENGINEERING Home Built Televisor was pub- 
lished, considerable progress has been made in television 
technique and, in the new booklet, “A De Luxe Home 
Built Televisor and Radiogram,’ a number of circuit 
improvements have been incorporated, together with a 
three waveband radiogramophone. The following are a 
few of the technical details of this new televisor. 
Interlacing 

The syne separator has been modified by the addition 
of a diode interlace filter which enables correct inter- 
lacing to be maintained without the necessity of critical 
adjustment of the frame frequency control. 

Focus 

To overcome defocusing due to the variation in resistance 
of the focus coils due to heat, two separate methods are 
employed. The first uses a modified focus coil connected 
in a constant current circuit, while the second method 
makes use of a permanent magnet. 


Definition 

In order to add to the already excellent definition a form 
of push-pull modulation of the c.r.T. is employed, in which 
both the grid and cathode of the tube are modulated. This 
helps in providing a picture of extremely good contrast but 
entirely free from harshness. 
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ings with a firing temperature of approximately 1,300°C 


are:— 
Mix No. 3 Mix No. 4 
Pyrophyllite .. .. .. .. 50 75 
Marl (raw) oe rear Nanas et OAD 23 
Steatite ee 15 15 
Summary 


It is established that pressing mixtures based on pyro- 
phyllite can be made having mechanical and electrical 
characteristics similar to those of other pressed porcelains. 

Pyrophyllite has a higher mechanical impact strength than 
any other electrical porcelain, and is therefore particularly 
suitable for use where sudden high mechanical strains are 
experienced. The material maintains a higher volume 
resistivity at high temperatures than other electrical 
porcelains, thus indicating an advantage in refractory 
ware. 

The very small shrinkage of pyrophyllite mixes when 
fired (1.03-1.04) enables close tolerance pressings to be 
made, and where extremely accurate: dimensions are a 
necessity the raw material can be machined first, and then 
fired at 1,435° C, when shrinkage is negligible. 

The use of pyrophyllite for experimental and prototype 
work is already well established; the ease of machining 
the unfired material making it particularly suitable for the 
rapid construction of a wide range of shapes. 

Finally, it is established that the material is a suitable 
substitute for many of the ceramic products now in use 
in the Services. 
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Ease of Adjustment and Control 

In centring the picture by moving the focus coil, or 
magnet, the focus over the whole of the screen will suffer 
if the focus coil is tilted to such an extent that it is far 
from parallel with the screen of the c.rR.T. To overcome 
this difficulty, and at the same time to make the operation 
easier, picture centring is carried out electronically by the 
adjustment of two shift controls. 


E.H.T. Supply 

In order to enable the use of modern aluminized C.R.1.5 
several methods of increasing the E.H.T. potential to the 
required level are described. These include voltage doubl- 
ing, R.F. oscillator units and boost from the line flyback. 


High Quality Amplifier 

The television sound transmission is normally of a very 
high quality and to make full use of this a high quality 
amplifier has been included. This consists of a single out- 
put pentode and a triode pre-amplifier with negative feed- 
back over two stages; the total distortion for three watts 
output being less than 0.5 per cent. 


Radio Reception 

A three waveband superhet tuning unit has been 
developed which, although having only three valves, has 
proved itself to be very reliable and of good quality. A 
fourth valve is included which acts as a tone corrector and 
amplifier for record reproduction. 
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An Electronic Digital Computor 
Using Cold Cathode Counting Tubes for Storage 


(Part 2) 


By R. C. M. Barnes, B.Sc., E. H. Cooke-Yarborough, M.A., A.M.LE.E., and D. G. A. Thomas, M.A. * 


The relation between the state of the scale of two at the 
beginning of one round off operation and that at the 
beginning of the previous round off thus depends upon 
whether the number of pulses occurring in the interven- 
ing period is odd or even. These pulses are spaced a few 
milliseconds apart whereas the interval between successive 
round off operations is several (usually very many) seconds. 
The exact length of this interval is affected by many un- 
certainties, such as the operating times of the tape readers 
and printers and many relays. .These may confidently be 


Guide 2 To input of j 
pulses transfer unit Corie.’ 










Amplifier 






Circuit to return 
discharge to 
cathode NoO 


Contacts of IO relays | 
energized by tape reader 


-l6V 







information obtained via a relay circuit from a punched 
paper tape into a form suitable for operating the transfer 
units in the computor and vice versa. The translator is 
brought into circuit in the same way as any storage address 
and no alteration is needed to the transfer unit to accom- 
modate it. 

The basis of the unit is a special Dekatron in which the 
cathodes are all brought out separately. For this purpose 
a 10-cathode tube would be suitable, but the tube available 
has 11 cathodes (GSI1A) and this has been used. 
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Fig. 8. Translator unit 


expected to produce unpredictable variations in the interval 
amounting to very many milliseconds. 

Experiments so far carried out show no significant corre- 
lation between the zeros and ones produced by repeated 
round off operations. 


The Translator Unit 
The function of the translator unit is to convert the 


* E lectronics Division, f AE. R. E., Har well. 
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The method of operation is shown in Fig. 8. If, for 
example, the numeral 3 is to be fed into the computor, one 
of the Dekatron cathodes, No. 7 in this case, is connected 
to the input of the transfer circuit by relays energized from 
the tape reader. When translation-in takes place, the dis- 
charge in the GSIIA is stepped round by a train of 10 
pulses to cathode No. 10. In passing the selected cathode, 
a pulse is fed to the input of the appropriate transfer unit. 
The transfer unit then functions in the normal way and if 
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a positive number is being translated, the remaining pulses 
of the train of 10 (in the example, 3) are passed to the 
receiving store by the transfer unit. When translating in 
negative numbers the transfer unit is arranged to comple- 
ment them. Since the translator deals with only one digit 
at a time the remaining transfer circuits are arranged to 
transfer zeros (or nines in the case of a complement). The 
translator is connected via the transfer circuits to each 
digit of the store in turn by the relay shift circuit. 

When translating out (i.e., taking information from the 
computor) the GSIIA tube again starts from cathode 
No. 0, but in this case it steps round by the number of 
pulses delivered to it by the transfer unit. The cathode 
on which the discharge is left rises in potential from 
—16V to something positive with respect to earth, causes 
the grid potential of two of the triodes VII to V15 to rise, 
and so closes two of the relays PA/1, PB/1 - - - PE/1. The 
contacts of these relays operate the teleprinter or tape 
perforator. The metal rectifiers in the cathode circuits 
of the GSIIA give an output in the appropriate code (i.e., 
the 10 combinations of 2 holes punched in two of five 
spaces) for this purpose. 

After translation-in or -out a separate circuit returns the 
discharge in the GSI1A to cathode No. 0 before the trans- 
lator is again required for use. 


Sequence Control 


This part of the computor controls the tape readers and 
Output organs, selects the Dekatron stores required for 
each arithmetical order and interprets these orders as a 
sequence of the basic functions of addition and subtrac- 
tion. It is designed to operate as an asynchronous system 
in which each switching operation in the sequence is 
checked before the next is allowed to begin. This simplifies 
maintenance by eliminating critical relay timing and by 
stopping the computor immediately a circuit fault is 
detected. 

The sequence of an arithmetical operation can be 
regarded as consisting of three parts :— 

(1) Reading in the current order. 

(2) Setting up the necessary connexions. 

(3) The arithmetical operation itself. 
Non-arithmetical orders are dealt with in a similar manner 
and the operation of the computor continues until a special! 
order is reached which leads to the lighting of the “Finish” 
lamp and prevents any further operations. 


READING IN THE CURRENT ORDER 

Each order is transferred, digit by digit, from the 
perforated tape or Dekatron store into the relay order 
storage circuit and is then interpreted as a sequence of 
additions and subtractions. The address from which the 
order is obtained has been derived from an earlier order 
calling for a change of order source. This address is stored 
on a group of relays which mark out the two digits of the 
order source address. The “tens” digit energizes a relay 
connecting a group of ten addresses as the sending store 
and the “units” digit selects the individual store in this 
group. The reading-in sequence begins when it has been 
proved that the correct tens and units relays have operated. 
if the order source is a tape reader the sequence will con- 
‘sist of six cycles. The space or block-marking character 
is read during the first cycle and the order digits during the 
‘remaining five cycles. At the beginning of each cycle th:. 
appropriate relay storage group is connected to the five- 
wire output of the tape readers. 

The contacts of each tape reader correspord with the 
pattern of holes on the tape, and they operate the equiva- 
lent combination of five relays in the storage group tc 
which they have been connected. The relay storage group 
into which the space or block-marking character should 
be routed will only allow the next cycle to commence 
if it receives a particular combination of one hole out of 
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five (the space combination) or any combination of three 
holes (the block-marking characters). The five storage 
groups into which the order digits are fed will only allow 
the next cycle to commence if each receives one of the 
ten combinations of two holes. If the tape reader moves 
the tape forward more than one row before reading the 
next character, or fails to move the tape, a digit storage 
group will be offered the space code or vice versa. 
Furthermore, any erratic operation of the reading contacts 
is unlikely to distort a two-hole code into another two- 
hole code, so that any faulty operation of the tape reader 
is almost certain to be detected. 


SETTING UP THE CONNEXIONS 

The source from which the current order has been read 
and the relay storage group are now disconnected, leaving 
the order stored on the relays. If this order requires an 
arithmetical operation the sending and receiving addresses 
are selected and connected to the input and output of 
the transfer system in the following way. The Dekatron 
stores are built in units each containing ten stores of eight 
digits and sign. These units are a convenient size and 
suit the decimal address code. Each group of ten stores 
has switching relays which connect it either to the input 
or the output of the transfer systems. These are the send- 
ing and receiving “tens” relays. When a “tens” relay 
is energized the Guide 2 electrodes of all the sign storage 
Dekatrons in the group are connected to the sign input 
or output lead of the transfer system, all the Guide 2 
electrodes of the 1*' digits to the 1*' digit lead, and so on. 
The individual store in the group is selected by one of ten 
switching relays (the “units” relays) which connects Guide | 
pulses to all the Dekatrons of one address. Thus although 
all the 90 Dekatrons in the group of 10 addresses receive 
Guide 2 pulses, only those of the selected address receive 
pulses on both guides and the position of the discharge 
can change only in this one address. 

The two sets of “tens” and “units” relays which 
bring the sending and receiving addresses into action are 
selected and checked by four groups of address storage 
relays. A fifth group stores the operation to be performed 
and, provided that the addresses selected are compatible 
with the operation demanded, sets up the arithmetic control 
relay circuits. As a further guard that the sending and 
receiving addresses are connected correctly the arithmetic 
sequence cannot start until the signs of both addresses and 
of the accumulator have been identified. 


THE ARITHMETIC OPERATION 

When the selection of function and addresses is complete 
the arithmetical sequence begins. It occupies a variable 
number of cycles, only one for addition or subtraction, 
nine for multiplication, ten for division, 11 for reading 
in a number from the tape and up to 19 for printing a 
number in a maximum length print layout. For addition 
or subtraction the single cycle has two steps: setting the 
shift circuit to the straight-through condition and carry- 
ing Out a single transfer. For division of a positive divi- 
dend by a positive divisor each cycle has three steps: 
setting the shift to successive positions, carrying out a 
multiple subtraction until the sign of the accumulator 
changes, and carrying out a single addition. The comple- 
tion of each step is checked before the next can begin. 

When the arithmetic sequence has produced the full 
number of cycles required for the particular operation the 
address relays are released, the stored order is cleared 
down and the next order reading sequence begins. 


PRINTING OUT 

If the current order selects the printer as the receiving 
address the translator is connected to the output of the 
transfer system and the printer is connected to the five- 
wire output of the translator. A previous order will have 
specified the print layout which is to be adopted. Each 
cycle of the arithmetical sequence then consists of three 
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steps. The first sets the shift to route each digit in turn 
to the input of the translator (which accepts only one digit 
at a time). At the same time the translator is recycled to 
zero. During the first step there may alternatively be con- 
nected to the printer the contacts of one of a number of 
relays which mark out non-digital characters such as space, 
line feed and carriage return. The second step is a single 
addition or subtraction. If a non-digital character has 
been selected by the first step this transfer is not required. 
The teleprinter with page printing attachment has been 
modified so that five-wire signals operate magnets control- 
ling the five combs of the combination head. The third 
step of each cycle sets the combination head of the tele- 
printer by operating these magnets from the output of the 
translator or a character relay, checks the position of the 
combs, and prints a character. 





A Time Selection Circuit 


By W. R. 


‘Time selection circuits for frame sync-separation in 
television receivers do not seem to have been widely 
used, although such circuits can give very satisfactory 
results. 

Basically the principle is one of selecting those pulses 
which occur within a fixed period of time after a reference 
pulse. 

The circuit to be described is designed around the 
Mazda 6F33 valve, which has a short cut-off suppressor 
grid characteristic. 

The output from the picture sync-separator is fed via 
a differentiating network of RC < 2 microseconds to the 
control grid, G,. The G, voltage waveform consists of 
negative and positive going pulses, but the cathode being 
17V positive allows cathode current to flow only during 
the positive going pulses. 

It is usual to employ the negative going pulses of the 
differentiated sync signal to start the flyback period of 
the line deflexion generator. The saw tooth output from 
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Fig. 1. The time selection circuit 


this generator is fed to the suppressor grid, G,, via a 
differentiating network which must allow G, to reach 
cathode potential in approximately 30 microseconds. 

The 6F33 has an internal diode connected between G, 
and cathode which clips the tops of the G, waveform. 

As the G, base is about 9V, anode current is held off 
for about 20 microseconds after the start of the line fly- 
back period. The result is that the positive going pulses 
of the differentiated line sync signal do not cause anode 
current to flow because G, is below cut-off. There are 
however small voltage pulses of approximately 1.5V (peak 
—— at the anode due to capacitive coupling in the 
valve. 

The frame sync signal consists of inverted half line 
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Conclusion 

It is believed that the computor described above will 
meet a real need in the computing field. It is particularly 
suited for cases in which the same calculation must be 
performed many times on a variety of numerical data. Its 
use is expected to be an economical proposition in many 
cases when the cost of a large, fast computor would not 
be justified. 
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for Frame Sync-Separation 


Luckett 


pulses. When these are differentiated they produce a 
waveform that consists of a positive going pulse followed 
by a negative going pulse. 

It will be seen from the waveforms of Fig. 2 that the 
positive pulses occur during a period when G, is at cathode 
potential. The resulting flow of anode current produces 
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Fig. 2. The waveforms at :- (A) Output of picture/sync separator. (B) G,. 
(C) Output of horizontal deflexion generator. (D) G,. (E) Anode 


negative going voltage pulses at the anode. These pulses 
are used to synchronize the frame deflexion generator. 

It will be seen that the circuit cannot introduce any 
timing error, because the leading edges of the output 
pulses are coincident with the leading edges of the frame 
sync pulses. 

This circuit is stable in operation and requires no critical 
adjustment of circuit values. 
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Nimrod 


A Small Automatic Computor 


By R. Stuart-Williams, B.Sc., A.M.I.E.E., M.I.R.E. * 


Ts machine was built to display the principles of auto- 
matic computors at the Exhibition of Science of the 
Festival of Britain. 

The design of the machine represented an experiment in 
engineering. ‘The decision to build a machine for demon- 
stration was made at the end of November, 1950, but the 
time table was a very tight one. Work on the design was 
commenced on 1 December, 1950. It was agreed that the 
machine would be shipped to the Festival on 12 April, 
1951, which meant that it must be ready and tested by 
4 April. The primary function of the machine is to 
display its method of operation and this made it neces- 
sary to use different circuit techniques from the Manchester 
machine. It was necessary therefore to produce a complete 
new design on paper, build it and test it in four months. 
The basic design work alone took six weeks as, in 
addition to the other difficulties, it was necessary that the 
machine should be very reliable. In order to complete it 
in time it was required to design a machine on paper 
without any experimental stage and without risk of 
mistakes. | The machine was shipped on time and has 
proved reliable and, therefore, it is considered that the 
experiment has succeeded. This article deals with some 
of the methods adopted in the design. 


Some Features of Nimrod 


The machine is a special purpose computor designed to 
play variations of the game of NIM. It is a true digital 
computor and displays the three basic characteristics of 
such machines. 

It calculates. 
It remembers. 
It makes decisions. 

Nimrod uses rather more decisions than calculations and 
therefore can be considered as a thinking machine rather 
than as a calculating machine. The machine has three 
main displays, the centre one showing the state of the 
game, the two side ones being used to display the method 
of operation. The left-hand display shows the machine 
making decisions while the right-hand one displays memory 
and calculation. 

Nimrod is a parallel machine, direct coupled throughout. 
It uses binary numbers for computation but the input and 
output are in decimal form. The circuits were designed for 
50kc/s working but have not been tested above 10kc/s. 
From the latter frequency downwards the machine is 
aperiodic and can be operated over a wide range of rates 
of operation. Normally its complete operation time is from 
5 to 15msec. When slowed down or operated in a step 
by step manner the side displays can be used to explain 
the exact method of operation of the machine. 

The machine, when presented with a choice of moves, 
chooses one at random. This facility can be demonstrated 
by setting it to play against itself. The result is much 
more human in character than one would normally expect. 

The physical shape of the machine has been dictated by 
exhibition conditions. The height and size of the Nimrod 


* Computor Group, Ferranti, Ltd. 
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The control desk of Nimrod. The players are studying the game by 
using matches in addition to the push-buttons and lights. 


displays fixed the dimensions. In practice the computor 
occupies a little more than | per cent of the total volume, 
and could have been built inside the control desk. Advan- 
tage has been taken of this fact to provide space inside 
the machine for testing and for accommodating spares and 
test gear. 

The entire computation is electronic, 480 valves type 
12AT7 being employed for the purpose. Apart from the 
480 valves, 120 relays are used to control the display 
lighting. The power units are simple selenium rectifier, 
choke, electrolytic capacitor type, the only stabilization 
being provided by a moving coil regulator. This is also 
used to stabilize the filament supplies. 

It was not considered that any form of connector was 
sufficiently reliable and therefore soldered connexions 
were used wherever possible. One immense disadvantage 
of this form of construction was the time taken in break- 
ing and making connexions when the machine was shipped, 
but it did ensure reliability. 

The computor consumes 2kW and the displays 4kW of 
power. The total weight is about four tons but the 
machine is designed to break down into suitable sections 
for manhandling. 


The Game of NIM 


This game, which is still played in some parts of the 
world, has been analysed in a logical form, and therefore 
it can be programmed for a computor. 

The game is normally played with matches, which are 
arranged in a number of unequal rows between the two 
players. In the simple game each player in turn must take 
at least one match or as many as he chooses from any one 
row. 

In the game known as NIM-K each player in turn may 
take matches from up to K rows at a time. It is clear 
that the simple game corresponds to K = 1. 

There are two possible ways of ending the game. 

In the NORMAL game the player tries to take the last 
match or group of matches himself. 

In the REVERSE game he tries to force his opponent to 
take the last match. 

In order to keep the display in reasonable proportion, 
Nimrod has been restricted to playing with not more than 
seven matches per row and not more than four rows. It 
can play any combination within this restriction for either 
the normal or reverse games, and with K values of 
i 2a 3. 
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In playing against Nimrod the opponent may decide 
whether or not the machine shall make the first move; 
given this choice, and provided he makes no mistakes, he 
will win. If we postulate an opponent playing at random 
then he has one chance in 10* of making the first three 
moves correctly, and one in 10'° of winning. These are 
approximate figures on the basis of the combination 
7, 3, 6, 5, and assume that he is playing against a perfect 
player. So far no unskilled player has beaten this com- 
bination but several have made three moves correctly. 


The Correct Method of Playing NIM 


The first and most difficult process is that the number 
of matches in each row must be expressed as binary 
numbers. Nimrod carries out this conversion and the 
binary equivalents are displayed in terms of groups of 
4, 2 and | on the right-hand display panel. 


Next count the number of groups in each column 
starting at the 4’s end. Test each sum and see if it is 
exactly divisible by K + 1 or not. If it is, then it is defined 
as SAFE ,and if it is not, as UNSAFE. 

If, when commencing a game, all columns are safe, 
then if the opponent is to win the machine must be made 
to move first. 

If one or more columns are unsafe then a correct move 
can be made. To make a correct move, matches are 
removed, within the restrictions of the game, to leave all 
columns safe. In the normal game by playing in this 
manner throughout the player will win. In the reverse 
game it is necessary to play as above until TRANSITION 
occurs. This can be recognized when during play there are 
K or less rows containing more than one match. One 


match only is left in each of 1 or K + 2 rows, whichever 
is possible. 





of operation of the machine. 


For those unfamiliar with binary notation a table of 
equivalents is listed below for numbers up to seven. 


Decimal Binary 
Number 4 Groups 2 Groups 1 Group Number 
0 0 
1 1 1 
2 2 10 
3 2 1 11 
4 4 100 
5 4 1 101 
6 4 2 110 
7 4 2 1 111 
Assuming that a game starts 7, 3, 6, 5 the table of equiva- 
lents is as shown below. 
7 4 2 1 111 
a 2 1 11 
6 4 2 110 
b) 4 1 101 
SEPTEMBER 1951 


The Nimrod computor. The three large panels at the top show the state of the game and the method 
The doors at the bottom house the 480 miniature valves. 
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To decide in which row the move should be made, com- 
mence at the 4’s end and check each column. The first 
unsafe column defines the row or rows for the correct 
move. A move can be made in any row containing a 
group in the first unsafe column. 

The following is a record of an actual game 
played with K = | and reverse game. 

The game starts with yi 3 6 5 

The opponent moves first, 

and can leave 7, 3, 1, 5, 


of NIM 


7; 3G 2 OF 3 6 5 
Machine now leaves 3 3 5 
Opponent leaves 3 3 
Machine leaves 3 1 
Transition has occurred 

and therefore opponent leaves 1 


The machine is forced to take the last match and the 
opponent wins. 
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Method of Play Employed by Nimrod 


The machine first tests for transition and 
occurred stores the information. 

It then moves to the 4’s column and tests for safety. 
It displays this as even, meaning safe, or odd, meaning 
unsafe. This is done because the display is primarily 
intended for displaying the K = 1 game. If the column 
is safe it moves to the 2’s column. 

If the column is unsafe it searches for a row having a 
4 in it. This search is commenced from a row chosen at 
random and hence if there is more than one move avail- 
able it will choose one of them. 

Having found a row on which it can operate the 


if it has 
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Fig. 1. AND gate 


following information about the row is stored. 
(1) The fact that a row has been fixed. 
(2) The number or address of this row. 
(3) The order in which the row was fixed. 

The machine then replaces the contents of this row by 
the “ modifying” number. In general this number is the 
greatest number, less than the existing number, in which 
the group at present being operated on, does not occur. 
Thus, for the 4s column this must be 3 or O11. This 
represents the minimum move that the machine can make 
that removes the offending group. If the machine is playing 
K = | it now goes to the next column, the 2’s column. If 
it is not playing K = 1 then it retests for safety and if the 
column is still unsafe modifies again, repeating this until 
safety is achieved. 

Similar processes take place for 2’s and 1’s columns until 
the machine has examined all columns. If the machine is 
playing a reverse game and transition has occurred then 
the conditions of safety are altered appropriately when the 
I’s column is attained. 

If all columns are safe initially then the machine rapidly 
finds that it cannot make a correct move and a sequence is 
provided, using the random number generator, that causes 
the machine to take a random number from a random row. 
The number taken is one 80 per cent of the time, the 
remaining 20 per cent being 2, 3 or 4. 

It is possible to play NIM oneself in this manner but 
although it will always give the right answer it does involve 
a rather difficult mental process. 


Major Computing Elements that are Required in Order 
to Play NIM 

(1) A device that will count either the number of groups 
in a column or the number of rows with more than one 
match. 

(2) Given the number of rows, a device to test for K 
or less rows. 

(3) Given the number of groups, a device to test for 
safe or unsafe. 
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(4) A device that will test a given group for there o1 
not there. 

(5) Sundry counters, 
elements. 
LoGicaAL ELEMENTS 

All operations in Nimrod are confined to the use of one 
type of storage element and three types of logical elements. 
These circuits will be defined in electronic terms, and there- 
fore it is necessary to define a “ signal.” 

A zero signal or no signal is said to exist when the 
voltage on a signal line is at earth or positive to earth. 

A “1” signal or a signal is represented by a voltage 


storage elements, and logical 


that is more negative than — 25 volts. This is usually 
standardized at — 50 volts. 
AND 


This circuit has several inputs and one output. When all 
input lines are energized an output signal is obtained. 


OR 
This circuit is similar in definition to the AND circuit 


but in this case if any of the input lines are energized an 
output signal is obtained. 
NOT 

This circuit has one input and one output. If a 
signal is present at the input then an output is not obtained, 
and conversely, if a signal is not present at the input an 
output is obtained. 


STORAGE ; 
This element will store either 0 or 1 as long as required. 


Circuits and Symbols of Logical Elements 


The minimum number of basic circuits consistent with 
reasonable economy of design have been used. The policy 
has two major advantages. Each circuit was designed 
mathematically to achieve the widest possible tolerance 
values, and secondly. each circuit has a single logical 
symbol, making it possible to test the machine by referring 
to the logical diagram alone. Some idea of the value of 
this second point can be appreciated when one realizes that 
a valve failure can be cleared in from five to ten minutes 
provided one is skilled in the logic of the machine. 


AND 
There are two types of circuit employed: true logical 
element, and a derived element for parallel operation. 


+300 v , ; 
: 
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Block AND gate 


Logical 
Symbol 

















Fig. 2. 


The normal circuit is illustrated in Fig. 1. Only when 
all the input triodes are cut off will an output be obtained. 

The parallel AND or “ block AND” is illustrated in Fig. 2. 
It is shown with only one control voltage (A) but quite 
obviously it is easily adapted for multiple control lines. 
When a signal arrives at A, V, is cut off, V. conducts, the 
remaining valves, or output valves, behaving rather like 
cathode followers, transmitting signals to the outputs. It 
is apparent that the normal state of the output is the “1” 
state but this does not introduce any difficulties. 

The behaviour of the output valves is not quite that of 
a cathode follower. The large grid stoppers reduce the 
effect of the grid-cathode diode action when the anode is 
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low, but also isolate the grid from the capacitance of the 
input line. When the anode rises, under the action of V., 
the grid also rises as it represents the centre-point of the 
anode-grid, grid-cathode interelectrode capacitances. As 
the grid rises, the cathode follows it and a very fast rise 
time is obtained at the cathode. This rise time is almost 
independent of the characteristics of the output valves. If 
the rise is too fast it can be slowed down by introducing 
a small capacitor between the grid and the cathode. The 
value of this capacitance is not very critical, normal com- 
mercial values being quite suitable. 


OR 
The or operation is usually obtained by connecting to- 
gether the outputs of other logical circuits. For example 
it is frequently necessary to “or” the outputs of AND 
gates. This can be done by using a common anode load 
for the “ top” valves of the AND gates. A few germanium 
diode oR gates have been used and one of these is shown 
in Fig. 3. 
NOT 
If a NoT operation must be performed an invertor is 
employed but usually it can be obtained without adding 
valves. Storage elements are symmetrical and direct and 
inverse signals are almost always available. The “top” 
valve of an AND gate can be used as a cathode follower 
and this “ NoT’s” the output of the gate. 
STORAGE 
The basic circuit employed for all storage and counter 
circuits is shown in Fig. 4. It is a D.c. coupled flip-flop, 
with anode triggering and 
cathode follower outputs. O>—~w— +150 
The output levels are crudely 
standardized by grid current 
in V, and by cut off in V,. ) 
In most cases the flip-flops 
are triggered either by a 
differentiated pulse or by the p 


output of an AND gate. In 
Logical 
Symbol 


Fig. 4 the differentiating 
Fig. 3. 








fae 








circuits are shown con- 
nected to the grids of V. 
but if the AND gate is used 
then the V, triodes become the 
“top” valves of the AND gates. 

To counter connect the circuit, the grids of V. are 
joined together and small memory capacitors are placed 
in parallel with the 820k) resistors. 

The flip-flop can trigger only as the result of positive 
drive to the correct grid of V,. Drive on the other grid 
will have no effect at all. For this reason a simple differen- 
tiating circuit is sufficient and unwanted pulses cannot be 
obtained on the output waveforms. 

The circuits that have been described in this section may 
be justly criticized in that most of them can be replaced 
by diode circuits. The chief value of using triode cir- 
cuits is that a power gain takes place in each circuit and 
consequently they may be arranged in any manner without 
deterioration of signals. 


OR gate 


Reliability and Circuit Design 

The only valve type employed in Nimrod is the 12AT7. 
which is a high slope, short grid-base, pulse double triode. 
It was employed for two reasons. First, because circuits 
of this type are being considered for 100kc/s working and 
secondly, because the short grid base valve allows one to 
use very wide tolerance components. A similar valve with 
longer grid base, the 12AU7, might have been used and 
might have given even better reliability. 

Any discussion of reliability of Nimrod must concern 
valve rather more than component reliability because the 
circuits employed use a minimum of components. In 
addition all components are run at a small fraction of 
their nominal rating. 
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| Direct Signal 


Inverse Signal 
Fig. 4. Storage element 


Valves are rated very carefully as they are rarely used 
at more than one fifth their total anode dissipation, or 
more than one hundredth their total emission. They are 
also used in an on-off manner, off being defined as —50 
volts grid bias, and on as from one tenth to one milliamp 
grid current. 

It has already been explained that short grid base valves 
allow large component tolerances. The flip-flop is the 
most critical element and it was calculated that the circuit 
would still operate if all components were varied 13 per 
cent, and the valve characteristics varied by a factor of 2 
at the same time, the direction of variation in each case 
tending towards the maximum probability of failure. This 
means in practice that 20 per cent components can be 
used with a very low probability of failure. In the same 
manner variation of power supplies and ripple on power 
supplies of the order of 10 per cent is tolerable. 


Synthesis of Computing Elements 

Three examples are given of the types of circuit that can 
be built up using logical elements. The circuits shown 
are typical of special purpose but not of general purpose 
machines. In the latter the circuits are less complex and 
more fundameatal. 


Fig. 5. Logical element 
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Example 1. Fig. 5. 

The logical meaning of this circuit is that the storage 

element will be operated at time T and 
(1) if G is present and A or B is present. 

or (2) if G is not present and C, D, or E is present. 
Example 2. Fig. 6. 

This circuit adds up the number of inputs present on 
lines A, B, C and D and gives the answer by energizing 
one of the lines 0, 1, 2, 3, or 4. 

Gate 1 will give an output only if there are four inputs. 

Gate system 2 will give an output if there are 3 or 4 
inputs. The output from this gate is gated with Nor 4 in 
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Fig. 6. Column adder 


AND gate 3 to produce the 3 signal. Similar logic will 
explain the remaining elements. The circuit is used to add 
up the number of groups in a column and by switching 
the 4’s and 2’s column to the circuit simultaneously it adds 
up the number of rows containing more than one match. 
Example 3. Fig. 7. 

One of the first three AND gates is opened by K = 1, or 
2 or 3, which are fed from the control desk. The signals 
0, 1, 2, 3, are supplied by the circuit in Fig. 6. It will be 
seen that one of these gates will operate if the input to it 
is K or less than K i.e. transition has occurred. This is 
examined at time X to set storage element TF1. A similar 
but more complex circuit is used for the safety examina- 
tion. 


Reliability of the Machine 

At the moment of writing the machine has completed 
900 hours of intermittent service, being operated during 
the day and closed down at night. 

The first hundred hours of life have not been counted 
for reliability purposes and the statements that are made 
refer to the last 800 hours only. 
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MISTAKES. 

Mistakes as distinct from faults occurred on the machine 
mainly in its very early life and were traced to an in- 
correctly wired circuit. At this period mistakes occurred 
2 to 3 times a day but during the last 500 hours no elec- 
tronic mistakes have been detected. 

Dirty contacts on push buttons, etc., occasionally cause 
errors of input or output but are usually seen immediately 
and do not cause errors in computation. 

INTERMITTENT FAULTS. 

Faults of this nature occurred during the first 200 hours 
due to dirty valve contacts or incipient valve failure and 
during the first 400 hours due to incipient resistor failure. 
No intermittent faults have occurred since that time. 


COMPONENT FAILURE. 

No capacitors have failed and resistor failures were con- 
fined to one type only which has since been replaced 
throughout the machine. 


VALVE FAILURE. 
The valve failure record is self-explanatory. 


Type of failure Date Hours 
Cathode-Filament short May 4th 118 
Soft Valve May 5th 134 
Soft Valve May 7th 158 
Soft Valve May 10th 198 
Open circuit filament June 11th 551 
Soft Valve July 11th 779 
Note: Hours are measured from the commencement of machine 
operation. 


The interesting thing about the above table is that 4 of 
the 6 failures occurred shortly after the machine had been 
moved to London and therefore such failures were still 
within the period in which valves damaged in transit 
could cause trouble. It should also be noted that the 
valves are standard commercial valves and no special 
selection process has taken place. 
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Fig. 7. Transition examination 


Time Lost DurRING EXHIBITION. 

Until the valve failure on July 11th only one hour 
twenty five minutes exhibition time had been lost due to 
failures. The machine is now staffed by University 
students, one of whom has been made responsible for 
maintenance. He had received only a few hours’ training 
when the above fault occurred but even so he was able 
to locate the fault logically in half an hour. He had been 
instructed not to remove any valve until he was certain 
that it was defective, and not being familiar with the 
machine 1} hours elapsed before the offending valve was 
located with certainty. This not only reflects great credit 


on the student concerned but it also demonstrates that. 


it is not necessary to employ experts to maintain com- 
putors. 
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A Single Valve Line Scan and E.H.T. 


Generator 


By C. H. Banthorpe * 


NE of the many interesting problems met in television 

receiver design is that of line scanning, and it is also 
one which so far little has been published, with a 
few notable exceptions.'"’ None of these writers, however, 
describes a single valve time base which will also provide 
E.H.T., but such a circuit is of great interest from the 
economy point of view. Self-drive circuits are not new 
and, in fact, were used in very early Baird television 
receivers. One of the troubles of such circuits is that 
generally speaking the valve has unusually high voltages 
on its electrode, —2kV on the grid during flyback was 
common, and some trouble was experienced due to flash- 
Over across the pinch of the valve, valve holder, or base. 
Valves have become better and better, however, and it is 
extremely rare to have such troubles now, and in a modern 
design the grid voltage need not exceed —600 volts during 
flyback. Another inherent fault of single valve circuits is 
the interdependence of controls. Such interdependence has 
not been overcome to any extent so far, except amplitude 
control which can vary over a wide range without much 























Fig. 2. Typical waveforms 


The basis circuit 


Fig. 1. 


change of frequency. It is also more difficult to obtain 
good linearity, and generally speaking they are not as linear 
as the best driven time bases. They are, however, 
extremely stable, remain in synchronism in the presence 
of a considerable amount of interference, are very 
economical in components and can be made to provide 
E.H.T. in a simple manner. The basic circuit is shown in 
Fig. 1; this has been described in some detail elsewhere.’ 
Briefly, however, the circuit functions as follows :— 

If the circuit has been oscillating and a magnetic field 
established by current through the windings of the trans- 
former, the collapse of the field will generate a back E.M.F. 
which will drive the grid of the valve negative and hold the 
valve off. When the rate of change of current falls to 
zero the back E.M.F. will disappear, the valve will com- 
mence to take current and the grid will be driven positive. 
This current will increase at a more or less constant rate 
at first, but the rate will eventually decrease. As soon as 
the rate of change of current falls, the positive grid voltage 
will decrease and slow the rate of increase of anode current 


* Central Equipment, Ltd. 
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still more. The effect is cumulative and the valve will be 
rapidly driven to cut-off by the collapse of the magnetic 
field, which starts the cycle again. The action will consist, 
therefore, of two main states. 


(i) a rapid change of current consisting of a part of 


1 
by f= 2V(LO 
(L and C being the effective inductance and capaci- 
tance of the transformer), followed by 
(ii) a much longer time during which the current changes 
in the opposite direction and in a fairly linear manner. 


The duration of the longer interval is determined by a 
number of factors, one of them being the bias on the valve. 


a cycle of frequency given 





Fig. 3. The Plessey frame scan transformer 


This provides a convenient method of frequency control. 
Typical waveforms, not to scale, are shown in Fig. 2. 
The sawtooth current flowing in the anode circuit will be 
seen to increase exponentially, but the shape of the grid 
current waveform will be modified by the grid voltage-grid 
current characteristic of the valve. To make use of the 
sawtooth current in the grid circuit, some sort of magnetic 
circuit must be fitted to the c.r.T. and this can take several 
forms. The leakage flux itself may be used, and in fact 
has been so used in the frame circuit of Baird television 
receivers. A similar version was made by the Plessey Co., 
Ltd., Fig. 3. Alternatively normal scanning coils may be 
coupled to the grid circuit, and this is the usual method for 
line scanning. As there is D.c. in the transformer windings 
it is usual to feed the scanning coils through a capacitor of 
25uF or more. This introduces distortion in the direction 
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where it already exists and the writer has found it 
possible to dispense with a capacitor, particularly if grid 
current can be kept small, and the slight picture shift 
corrected by moving the focus magnet, which is the usual 
method of picture centring in magnetically deflected tubes. 
It is not necessary to use a triode in this circuit, and in fact 
the pentode has several advantages, one being that-a certain 
amount of linearity control is possible. The second 
advantage of using a pentode is that special valves exist 
for line output duty, which have high slope, high current, 
and can stand high anode and grid voltages. If a pentode 
is used, and G, is not decoupled it will be found that the 
voltage on G, will be of a sawtooth shape and will be 
positive-going. The mean potential of G, is negative and 
it is thus possible to bias G, using this negative supply, 
and feed the positive-going sawtooth voltage from G, onto 
G, and improve the linearity. This is used by at least one 
manufacturer and is shown in basic form in Fig. 4. 
Another similar method is shown in Fig. 5, and the 
linearity, particularly the start of the trace, can also be 
improved by the usual c.r. damping. This is a popular 
method. The voltage at G, of the oscillator is approxi- 
mately a square wave and it is this voltage which has to 
force current through the scanning coils. Other things 
being equal, therefore, the best linearity is obtained when 
the scanning coil circuit is purely inductive, the smaller 
the resistance the better. Tetrodes may also be used, and 
Messrs. Murphy Radio, Ltd., use one in the self-drive 
circuit of Fig. 6. In this arrangement the circuit oscillates 
between G, and anode and this has the advantage that G, 

















e 


Fig. 4. Method of coupling Fig. 5. An alternative method 


scanning coils to grid circuit 
of pentode 


is now free and can be used for synchronizing injection. 
The synchronizing voltage can thus be smaller and there 
is little kick-back into the synchronizing circuit from the 
time base, only that due to the capacitance between elec- 
trodes. This removes one of the causes of bad interlace. 

In all of these circuits during the fly-back period the 
anode voltage rises to a high value, of the order of + 3kV. 
The voltage is determined by the rate of change of current 
and the effective anode inductance L. It will be 
remembered that the fly-back is part of a cycle at a fre- 
quency determined by the resonance of the effective L 
and C of the transformer, and for a given L the flyback 
will be quicker if C is made smaller and the positive pulse 
at the anode will be bigger, that is to say the voltage 
is inversely proportional to VC. This pulse may be rectified 
and used for E.H.T., but it is too small for general use in 
television receivers. It may, however, be stepped up by 
means of another winding on the output transformer 
which, together with the primary, forms an auto trans- 
former. If one of the low-wattage heater E.H.T. rectifiers 
is used, the heater may be fed from yet another winding 
and the circuit then becomes as Fig. 7; or a voltage 
doubling or trebling circuit may be used fed directly from 
the anode of the valve. If rectifying valves are used, their 
heaters may be fed from small windings as above, or metal 
rectifiers may be used. The basic circuit of doublers and 
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treblers is given in Fig. 8, but a full description of their 
operation has been given elsewhere.“ Metal rectifiers have 
the advantage that no heater supply is required, but are 
not quite so efficient as valves. 

The amplitude of scan may be controlled in a number 
of ways, but as previously mentioned, circuit changes are 


: Scanning 
coils 





+Ve 
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Sync 





Fig. 7. The use of the 
circuit primary as an auto-trans- 
former 


Fig. 6. The Murphy Radio self drive 


so interdependent that if, for instance, the H.T. is varied 
much for amplitude control, the frequency, E.H.T. and focus 
would change too. But the scan may be controlled by 
means of an inductor in series with the scanning coils and 
the inductance varied by means of an adjustable iron dust 
core. This is a great improvement, and for still greater 
independence a differential inductor may be used, the two 
coils being wound end to end with an adjustable core 
movable from one coil to the other, one coil being in 
series with the scanning coil, and the other in parallel with 
part of the transformer, Fig. 9. This circuit is used by 
The Plessey Co., Ltd., and is very successful, a change 
of width of scan over wide limits, causing almost no change 
of frequency or E.H.T. It is also possible to vary the scan 
width by changing the E.H.T. and this can be done by 
adding capacitance to the transformer. A compression 
type capacitor, made by Cyldon, has been used by the 
writer and gives satisfactory results if moderate control 
is sufficient. It has a maximum capacitance of 500pF and 
is rated at 1kV. Connected across the scanning coils it 
works at 600V peak only, and so should be quite safe. It 
is also compact, stable and cheap. Some manufacturers 
do not fit a width control as the circuit is slightly self 
adjusting, because if the scan tends to increase, the E.H.T. 


i 1. 
. 3 


al 
Fig. 8. Basic circuit of voltage (rebler Fig. 9. Method of controlling 
amplitude of scan 


rises and tends to reduce the scan. Frame scan and focus 
will change, however. 

The design of the transformer for a single valve circuit 
as described above is not very straightforward, as many 
of the factors do not lend themselves to exact calcula- 
tions, and others may be unknown until some experience 
has been obtained. In any case a certain amount of “hit 
and miss” seems inevitable and the writer thought that the 
description of a transformer that functions may be of 
interest to others on similar work. For a number of 
reasons it was decided that standard 6.5mH scanning coils 
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were to be used, and it was found by measurement that 
these needed approximately 40V across them to provide 
enough scan for a c.R.T. with 6.5kV on the final anode. 
The anode voltage of an EL38 should not be allowed to 
fall below about 80V for long or the wattage of G, may 
be exceeded, and as the H.T. supply was 250V the voltage 
available for the primary was 170V. The transformer ratio 
is therefore set at 170/40 or 4.25:1. To provide a slight 
margin for width control, 4.2:1 was finally used. If the 
sweep was linear during the scan stroke there would be a 
steady potential across the primary of 170V. As the sweep 
is not linear, however, but slows down somewhat as the 
scan progresses, the voltage drop becomes less and the 
anode volts rise. Because of this the transformer ratio may 
be somewhat higher and a ratio of up to 5.1:1 has been 
used. 

During the flyback period the rate of change of current 
is much higher and is opposite in sign. The anode voltage 
therefore goes well above H.T. up to about 3kV. If 6.5kV 
is required then the extra winding for E.H.T. must contain 
rather more turns than the primary, but may be wound 
with smaller gauge wire as the current is very small. The 
winding must, however, be ‘able to withstand the higher 
voltage. The writer has found that it is difficult to wind 
wire smaller than about 42 s.w.c. and therefore used this 
gauge, enamelled and silk covered. The primary should 
have a high inductance and a practical value is about 
450mH, and this should be wound in a form to give low 
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Fig. 10. The final circuit 


self-capacitance. Some manufacturers wind the primary 
in sections or “ pi’s,” and this keeps the capacitance down, 
but is somewhat difficult to wind as the coil-winding 
machine must be adjusted for each pi, and it is also difficult 
to get really close coupling between primary and secondary. 
If the number of pi’s is reduced, the capacitance will go 
up, it is easier to wind, and there is more risk of voltage 
breakdown between turns. The primary may be layer 
wound, with each layer paperinterleaved and this method 
gives good coupling, but higher self capacitance. The 
writer uses a combination of both methods, a wave-wound 
coil consisting of a single pi with .003 in. paper interleaved 
every hundred turns. This is easy to wind, there is no 
trouble from end turns slipping out as in a layer wound 
coil, the capacitance is low and the coupling adequate. 
The choice of core material and shape is very wide. 
There are the special cores such as ‘“ Caslam” manufac- 
tured by The Plessey Co., Ltd., and ‘“ Ferroxcube” by 
Mullard, Ltd., as well as the more usual alloys. The dust 
cores have the great advantage of low loss at line scanning 
frequencies, and the whistle emitted by them is con- 
siderably less than that from laminations. The perme- 
ability is, however, less than a Silicon alloy such as 
Silcor II and an increased number of turns must be used 
for the same inductance. The writer has also found it 
more difficult to get good linearity with dust cores and for 
these reasons uses .014 in. Silcor II laminations. As 
experience is gained, it is more than likely that special cores 
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Fig. 11. An ‘‘exploded’’ view of the transformer 

will be used much more in high-efficiency scanning com- 
ponents, including the scanning coils. It has been found 
that No. 84, Magnetic and Electrical Alloy, Ltd., lamina- 
tions are quite big enough to contain all the windings 
required, and this, in a stack of 40 laminations, makes a 
compact assembly. On this stack the primary needs 970 
turns to give the required inductance and the secondary, 
therefore, needs 970/4.2 = 230 turns. The thickness of 
the wire should be as great as possible to keep the resist- 
ance low, but of course the thicker it is the more space it 
occupies. A practical compromise has been found to be 
28 s.w.c. for the secondary, and 36 s.w.c. for the primary, 
both enamelled. 

The E.H.T. winding, as already stated, is wound with 
42 s.w.G. enamelled and silk covered wire and is wound 
in 3 pi’s */,, in. wide. This form of winding not only 
reduces the self capacitance, but is also a satisfactory 
method of preventing breakdown due to the high voltage 
across the windings. It consists of a total of 1,500 turns. 
This number of turns may be tapered so that the winding 
withstanding the highest voltage has less turns than one 
with less voltage across it, but as there is plenty of 
clearance between the outside of the windings and the 
laminations the writer has not found it necessary. The 
former must be of good grade material or breakdown may 
occur between the inside of the coils and the core. The 


Fig. 12. The complete 
transformer 
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E.H.T. coils are doped with a mixture made by dissolving 
polystyrene in benzene. This dope dries qiuckly and makes 
an extremely rigid coil. 

The heater supply for the E.H.T. rectifier, in this design 
an EY51, consists of another secondary containing 12 turns 
of 28 s.w.Gc. enamelled wire. This windimag must be 
insulated for the full E.u.T. It is difficult to measure the 
voltage of the heater winding and the only simple way to 
find the number of turns required seems to be to compare 
the glow of the heater of the valve when supplied from 
a 50c/s supply, where it can easily be measured, with 
the same valve on the high frequency supply, adding a 
half turn at the time until the glow is the same. It has 
been found that it is not always satisfactory to compare 
a valve with 50c/s heating with another on H.F. as the 
heater glow of different valves may differ in appearance 
even if fed from the same supply. It may be said in pass- 
ing that the valves are surprisingly tolerant towards abuse, 
and the writer has overrun them when making tests with- 
out any measurable damage occurring. A convenient 
method of housing the £.H.T. filament winding is to wind 
it in a P.V.C. grommet, afterwards melting over the out- 
side with a warm soldering iron. This seals in the wire 
and provides very good insulation. At least one manu- 
facturer has a special grommet made for such a purpose. 

It has been found that better linearity can be obtained 
if the voltage on the secondary feeding the scanning coils 
is stepped up somewhat before being applied to the grid of 
the valve. A limit to the step-up is breakdown of the 
valve, and it is not advisable to let the voltage on the grid 
exceed —I1kV,. although voltages in excess of this have 
been tried. No trouble has been experienced with voltages 
less than —1IkV and in the design discussed the voltage 
is only —600V. The grid, which is taking current during 
the scan, is better able to have effect on a higher imped- 


R.F. ‘*‘ Woodwelder ’’ * 





The accompanying illustrations show details of a rather unusual radio- 
frequency heating unit which was recently designed for Woodwelding Inc. 
at Burbank, California. 


ance, and this seems to be the reason why a step-up is 
advantageous. In the transformer discussed the step-up is 
approximately 2:3, an extra 120 turns. The final circuit 
then becomes as Fig. 10 and this has been found to give 
satisfactory results. Figs 11 and 12 show photographs of 
an “exploded ” and complete transformer respectively. 

Fig. 11 shows the layer-wound secondary winding which 
is connected to the scanning coils and grid circuit, the 
primary into which it slides, the E.H.T. winding, and the 
P.V.C. grommet which contains the secondary to heat the 
EY51 and the wires brought out in a single piece of P.V.C. 
sleeving. It also shows the laminations in the simple clamp 
and the paxolin tube into which the assembled trans- 
former is a push fit, as in Fig.12. The laminations are 
butt-assembled with a single layer of transparent tape to 
form a gap. This gap has little or no effect electrically, 
but reduces the whistle produced very greatly. The P.V.C. 
grommet is mounted on a short piece of former which 
has two sides extended. This holds the centre limb of 
the laminations in position and also reduces whistle. It 
will be seen that the valve works well within the manu- 
facturer’s rating. Many people have carried out a great 
amount of experimental work on similar circuits and 
transformers, particularly Messrs. Baird, Ltd., and The 
Plessey Co., Ltd., and none of the above is claimed as 
new, but it should assist those who would like to work on 
such lines and gives an economical design which performs 
satisfactorily. 
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The oscillator valves have an anode potential of 12,000V and work at switch 
a frequency of 40Mc’'s. 
The unit is used for the dielectric heating of thermosetting adhesives on 
wood veneers which are thus formed into plywood. . ¥ F : 
The heating cycle is controlled by a Cramer time unit in conjunction with T ¢ et 
a trigger control on the manually operated “* gun.” ala O L \ ' 
\ 
Interlock A Li---~-~-~-~--~-------4 
* Communication from S. M. Milanowski, California. switch 
ELECTRONIC ENGINEERING 352 SEPTEMBER 1951 














era ie oP we ws 


AP NP tO 


a evr Fe rw a 6 


we 





Crystal Transducer Response 


A Description of the Development of a Simple 
Method for Obtaining the Response Characteristics 
of Crystal Microphones and Earpieces 


By B. J. Shelley, M.LR.E. * 


HE method to be described is based upon the reciprocity 
properties of piezoelectric crystals. These properties 
may be stated as follows: 

* Direct ” effect: the voltage generated due to an applied 
mechanical force F is given by E, = kF 

“Converse ” effect: the mechanical force generated due 
to an applied voltage E is given by F, = k’E, where k and 
k’ are piezoelectric constants. 

In acoustic applications there is an important difference 
in the way these two effects are manifested. This difference 
concerns the nature of the loading in the two cases. In 
the case of the direct effect E, signifies the open-circuit 
voltage generated, i.e., an infinite loading impedance is 
assumed, and this voltage may be directly measured and 
used to depict the frequency response characteristic. In 
the case of the converse effect, however, the “ open-circuit ” 
mechanical force generated is not of corresponding signi- 
ficance since there is always a definite acoustic load and 
the response characteristic is depicted by the sound pres- 
sure generated in an air space. In the case where the 
crystal works into a small closed cavity with rigid walls 
this pressure is proportional to F, and for the purpose of 
the present discussion such a condition will be assumed. 

In general the dimensions and elastic constants of the 
crystal are such that the resonant frequency is very much 
higher than the highest audio-frequency 
to be accommodated and the mechanical 
impedance of the crystal is that of a 
compliance or mechanical capacitance 
throughout the audio range, iust as in 
the case of a series resonant LC circuit 
the impedance is capacitative below the 
point of resonance. Thus, putting C,, for 
this mechanical capacitance we _ have, 
using the well-known properties of 
electromechanical equivalence, velocity, 








force a 
j=, — = Fl Zan = FuwCm, where 
impedance 
w =2z7 x frequency; but under sinu- 
soidal conditions v = wx, where x = dis- 


placement or amplitude, so that: 
V=wk= FoCm or x = FCm 

Thus, the amplitude is independent of frequency, and 
since the output of the crystal is proportional to amplitude 
the response is flat over the audio range where the 
mechanical impedance is mainly a capacitive reactance. 
This means that the response of the crystal by itself is 
flat throughout the audio range. In practical transducers 
this flatness is modified by the mechanical constants of the 
diaphragm system and we may, therefore, represent the 
conditions in this case as E; = aF and F, = bE, where 
a and b are functions of frequency and correspond to the 
frequency response characteristic in the two reciprocal 
modes of operation, i.e., as microphone and as receiver. 
In this practical case F is now the force acting on the 
diaphragm and F, is the force developed within the cavity. 

If the dimensions of the cavity fulfil certain conditions 
the ratio a/b will be constant and the relative frequency 
response becomes the same for both modes of operation. 
These conditions are: 


* E.R.D. Ltd., Twickenham Studios. ei 
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(1) That the cavity shall have a resonant frequency above 
the audio range so that its impedance is capacitive. 

(2) That the value of the mechanical impedance pre- 
sented by the cavity shall be small compared with that of 
the crystal and diaphragm together. 

This may be shown as follows. Working as microphone, 
we have E, = aF, where F is the force applied to the 
system by the sound pressure. This force acts upon the 
impedance of the diaphragm Z, in series with the imped- 
ance of the crystal Z,, so that the fraction effective at 


Zx 
Zs + Za 
k times this force, k being the appropriate piezoelectric 
constant. Thus; , | z | 

: ; Zx ax 
een TF |Z + Zal 
In the converse mode the force developed in the cavity 
is a fraction of the force generated by the crystal. The 
latter force is given by k’E, where E is the applied voltage 
and k’ is the appropriate piezoelectric constant. This force 
acts upon Z;, in series with Za and the cavity impedance 


the crystal is F . and the generated voltage is 


or a=k 


Z.. The fraction effective in the cavity is, therefore, 
KE = bE or b =k * 

; aes I OF D GC pe Fa 

" Zx+Zi+Z Zx+Za+Z 





When condition (2) above is fulfilled Z.<Zx + Za and we may 


Z.__| sa 
= ae [b = kZsx/k’'Z.. When con- 
put b=k Ee Lz ‘a that a/b Z: 
dition (1) is fulfilled, i., Z. is capacitive, then a/b = 
kc. /k’C. where C. and Cx, and the compliances of the 
cavity and crystal, respectively. Thus under these two 
conditions the ratio a/b is constant. 
These conditions are substantially fulfilled by the usual 
type of closed cavity of some 2 to 3cc employed in artifi- 
cial ears. As an example of the magnitudes involved, the 


T T2 T2 if 


(b) T feeding T2 


Fig. 1. Two crystal units in tandem. 





(c) Tp feeding 7) 


resonant frequency of a crystal bimorph of one square ¢:n 
area and one mm thickness vibrating in flexural mode 
is in the region of 18kc/s and the mechanical com- 
pliance is of the order of 10~'°cm per dyne. A 2cc cavity 
of circular section of Icm radius and 0.64cm length 
resonates at about 12kc/s and has an input compliance of 
about 2.5 x 10-*cm per dyne, so that its impedance is 
several hundreds times smaller than that of the crystal. 

The fact that under these conditions a transducer does 
have identical response curves in either direction of opera- 
tion leads to a convenient technique for the measurement 
of frequency response. 

The development of this technique has revealed an 
interesting property in connexion with the coupling of 
two crystal transducers by means of a small common 
cavity. Referring to Fig. 1, two similar (but not neces- 
sarily identical) crystal units (e.g., Brush type D270) are 
shown in “ tandem” coupling by means of a small cavity. 
This cavity may be constituted by the hole of a jin. thick 
rubber washer which forms an effective seal between the 
two units. A voltage e; is applied to unit 7, and the out- 
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put e, is plotted against frequency. When the conditions 
are reversed, e, being applied to 7, and the output taken 
from 7,, then the second curve plotted is found to be 
identical in form to the first. These over-all curves are, 
of course, the product of the separate responses of 7, and 
T, for the given cavity; more conveniently, by using a 
decibel scale the over-all response becomes the sum of 
the two separate responses. This interesting property is 
+30 
+25 
+ 
+15 
+ 






DECIBELS 


FREQUENCY ——> 
Fig. 2. Curve of (y, + y,)- 


Fig. 3. Curve of x, and x, 


x2 


100 1Q000 
FREQUENCY ——> 
shown to be quite expected from the theoretical analysis 
‘of the “tandem” system, and moreover the identity 
between the two curves for forward and reverse operation 
is independent of the nature of the cavity (See Appendix). 

This coupling technique is, in fact, the basis of the 
present method. If the individual response curves are 
designated as y, and y, then the procedure outlined enables 
us to obtain the curve (y, + y.), the measurement being 
made in either direction. The next step is to obtain the 
curve for (y, —‘y.), for by so doing we shall have all the 
information necessary for obtaining the individual response 
of T, and T,, since by adding (y, + y.) to (y, — y2) we 
obtain 2y,, and similarly by subtracting we obtain 2y.. 

The procedure for obtaining the curve (y, — y.) is quite 
simple. Each of the two units 7, and 7, is coupled, in 
turn, to a moving coil earpiece acting as a reference pres- 
sure generator. Actually, any type of earpiece would do, 
although it is desirable that it should be free from sharp 
peaks or regions with steep variations. A constant voltage 
(or current) is applied to this earpiece and the output of 
each unit is plotted, in turn, so that two curves are 
obtained, x, and x,. When x, is subtracted from 
x, the result (x, — x.) is equal to (y, — y.) since 
x, and x, show the difference in decibels at each frequency 
to the same applied pressure. The curves x, and x, each 
involve the constants of the reference earpiece, but on sub- 
traction the earpiece constants are thereby eliminated. This 
is a useful dodge often resorted to in acoustic 
measurements. 

An example of such a measurement is illustrated in the 
graphs of Figs. 2, 3, 4 and 5. Fig. 2 shows the combined 
over-all response of a pair of units type D270. In Fig. 3 
is shown the response of each unit to the pressure developed 
by a moving coil earpiece. Fig. 4 gives the difference curve 
resulting from the subtraction of x, from x, of Fig. 3, and 
hence equivalent to (y, — y.). In Fig. 5 we have the result 
of performing the addition and subtraction indicated 
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above, followed by halving in each case. The individual 
response characteristics of T, and T, are, therefore, both 
obtained at the same time and either one may constitute 
the unknown. 

In order to ensure reproducible results the usual care is 
necessary to make airtight seals, and any clamping device 
should be such as not to vary the normal performance of 
the units. 
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Fig. 4. Curve of (x, — x,) = (y, — y,). 


Fig. 5. Curves of y, and y, showing individual response of T, and T,. 
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Appendix 

Fig. 6 shows the equivalent mechanical circuit for T, 
working into 7, (Fig. 1(b)). Fig. 7 shows the correspond- 
ing equivalent for the reverse case (Fig. 1(c)). Zx, and Zx, 
are the impedances of the crystals, Za, and Za, those of the 
diaphragms, and Z, is that of the common cavity. 

Let k, and k,’ be the direct and converse piezoelectric con- 
stants for 7, and similarly k, and k,’ be those for T,. 
For 7, working into T, we have (i) F,=k’,e, and e,-=k.F, 
For the reverse condition (ii) F,’=k,’e, and eo =k,F, 
Putting Ze: + Za, = Zi 

and Zx, + Za. = Z, and applying the usual analysis, 

ZeL/(Zo + Z:) 
cee. ws "Z, + ZoLel(Zo + Zs) 
ZL ,/(Ze + Z,) 
"Zz + ZLZ,/(Ze + Z,) 





and,’ =F,’ . Zx,/Z, 











Fig. 6. T, feeding T,. 


Fig. 7. T, feeding T,. 


These simplify to: 

F, = F, . Ae AN | AAS + Z,L0 + Z.L0)} 

Fy =F,’ . Zx[Zo/(Z,Z. + Z,Zc + ZoZ0)] 
whence F,/F, = F,Zx2/F.2'Zx,, and substituting for 
F,, F,, F,/ and F,’ from Equations (i) and (ii) then 
€o/ kz k, ‘ei Zr , kK. 
my to 7 €o/@o = B.Zx./Zx, where B k ky 
Now Zx, and Z;, are the crystal impedances reckoned as 
capacitive throughout the audio range, so we may put 
€o/@o = B Zx2/Zx, = B.C,/Cz, i-e., eo/eo is constant and 
therefore the combined characteristic is the same for both 
directions (neglecting absolute magnitudes) and also e./eo 
is independent of Z.. 
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The 18th 


NATIONAL RADIO’ EXHIBITION 


EARLS COURT, AUGUST 28 to SEPTEMBER 8 


I9 SI 


A description of selected exhibits compiled from 
information supplied by the manufacturers 


( Figures in parenthesis refer to Stand Numbers ) 


The Royal Navy (231) 


f Pw Royal Naval stand represents 
the bridge of a modern cruiser show- 
ing the operations centre. This consists 
of a display station, a control station 
and a plotting station. In the display 
station will be a panorama depicting an 
aerial view of the ship and her escorting 
destroyer which are being attacked by a 
formation of three enemy bombers. 


Also over the panorama will be a group 
of three friendly fighter aircraft whose 
task it is to destroy the bombers before 
they reach the ship. As the bombers 
fly in towards the ship and the fighters 
converge to intercept them a facsimile of 
the radar picture as would be seen by 
the aircraft warning radar is shown on 
a plan position indicator in front of 
the panorama in the display station. 
The same picture appears also on two 
plan position indicators in the control 
station. From this presentation a rating 
passes ranges and bearings of friendly 
and hostile aircraft to a plotter who 
plots their progress on the vertical 
perspex plotting screen. The interception 
and control of the fighter aircraft is 
made by the Direction Officer sitting at 
his desk in view of the plotting screen. 


The plotting station will contain 
various items of navigational aids, for 


example “Loran” an echo sounding 
recorder, Decca Navigator, etc. The 
bridge wireless station will contain 


modern Naval M.F., H.F. and V.H.F, trans- 
mitting and receiving equipment and a 
working D.F. wireless equipment. This 
station will also be manned, and demon- 
strations given of the latest technique of 
taking down messages in morse directly 
by touch typing. 

Also on the stand will be an outfit of 
transmitting and receiving equipment 
supplied gratuitously by the Admiralty 
to the members of the Royal Naval 
Volunteer Wireless Reserve for their 
individual training in their own homes. 


It is expected that this equip- 
ment will be manned by members 
of the R.N.V.(W.)R. during the even- 
ings at the Exhibition, when they will 
be in communication with the Naval 
Rating in the bridge wireless station 
Two models on the stand will show 
respectively a modern destroyer with all 
its radar and wireless aerials, and the 
wireless transmitting aerial equipment as 
fitted in a modern cruiser. 


The Admiralty, 
London, S.W.1. 
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Aerialite, Ltd. (47) 


LLUSTRATED above is a_ new 

lightning arrestor which has _ been 
designed to provide positive protection 
for radio and television installations, 
static charges being automatically dis- 
charged to earth. It is of small size, and 
fully water-proofed for outdoor mount- 
ing. The device incorporates a gas filled 
element which ensures a low voltage 
flash-over to earth. Both conductors of 
the television downlead are protected. 

Another new product is the indoor 
flexible loft or attic aerial, consisting of 
3-elements of 300 ohm twin feeder 
with a neat connector box and spring 
tension for the upright element. It is 
effective for ranges up to 15-20 miles 
from the transmitter, and models are 
available for all channels. 

Also of recent design is the Aerialite 
car aerial model 17, which is for header 
bar mounting, and is adjustable from a 
knob inside the car. The aerial can be 
moved to four positions and can be 
extended to a height of 35in. It requires 
single hole mounting, and is easily fitted 
to most types of cars. The aerial is 
supplied with low loss co-axial cable 
for connexion to the receiver. 

Aerialite, Ltd., 
Castle Works, 
Stalybridge, Cheshire. 


Royal Air Force (232) 


_ Royal Air Force exhibits this year 
consist of five pieces of radio and 
radar equipment and scale models of 
R.A.F. aircraft. These will provide 
visitors with an idea of the wide range 
and variety of radio and radar equipment 
in use today. The exhibits are an A.I. 
Mk. 10, a Trainer Type 102, a T.R.1936, 
a Rebecca Mk. 4, and a Gee Mk. 3. 

The A.1. Mk. 10 is the most up-to- date 
type of radar equipment used for “ air 
interception” in the latest night fighter, 
the Gloster Meteor M.F. Mk. 11. The 
one on show is a synthetic training 
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device which enables visitors to see how 
the presence of hostile aircraft is 
indicated on the screen to the airborne 
radar observer in the night fighter. 

Trainer Type 102 is used for training 
aircrews on the ground. It simulates 
the responses received in aircraft fitted 
with H.2Z Mk. 4a which is a radar 
device carried by Bomber Command 
such as the Lincoln. Radar impulses are 
sent vertically downwards from the air- 
craft to the ground which on “ bouncing 
back ” like the echo, reveals to the radar 
observer the nature of the terrain below, 
i.e., the shape of a coast-line, presence of 
rivers and towns. By correlation with a 
map of the area, this enables a position 
to be checked in any weather or a target 
to be sighted and bombed through cloud. 

The T.R.1936 is a new type of High 
Frequency transmitter/receiver set, now 
standardized for fighter and bomber air- 
craft alike in the Royal Air Force. 

The Rebecca Mk. 4 and the Gee Mk. 3 
are the latest blind-landing and naviga- 
tion aids in use in all types of R.A.F. 
aircraft which carry a navigator—includ- 
ing the latest night fighters. 

The Air Ministry, 
Parliament Square House, 
Parliament Street, 
London, S.W.1 








Antiference, Ltd. (94) 
(Illustrated above) 


HE “Arnine” aerial is suitable for 

shortwave reception and transmission, 
and consists of two flexible spans 
calibrated in metres and megacycles, 
together with a downlead. The whole 
forms a folded dipole with all con- 
nexions sealed. 

The aerial is available in two models, 
one for 7Mc/s upwards and the other 
for 14Mc/s upwards. 


Antiference, Ltd., 
67 Bryanston Street, 
London, W.1. 
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Avimo of Taunton (10) 


HE Avimo “ Hiperspeed ” continuous 

film recording camera has been de- 
signed for high-speed continuous film 
recording with standard oscilloscope 
equipment; it can also be used on mul- 
tiple-tube work to suit specific require- 
ments. 

The camera is contained in a single 
case and houses a film transit mechan- 
ism, spools and cassettes; the film 
sprocket, guide rollers, and automatic fi'm 
tension governor; the driving mechanism, 
high and low speed gear train, clutch and 
three-speed gearbox, etc. 

The camera has film speeds ranging 
from 2.5 to 300in./sec. The 200ft day- 
light-loading cassettes take 70mm stan- 
dard perforated film. The lens fitted is a 
24in., f/1.9 anastigmat, and adjustments 
permits of object to — reduction in 
the order of 15:1 to 1:1. A reflex view- 
finder is fitted, which leis the lining-up 
of traces after loading, and viewing 
during actual exposure. 

Automatic presetting enables any de- 
sired length of film to be exposed, fol- 
lowing which the camera ceases to 
operate. A clutch allows the film to be 
set in motion and reach the desired 
speed with a minimum of waste, while 
an isolator prevents actual photography 
before this speed has been attained. On 
completion of the exposure a rewind 
mechanism resets the film, for each 
subsequent exposure 

Avimo of Taunton, 
Taunton, 
Somerset. 


The B.B.C. (237) 
HERE will be an exhibit at this 
stand which illustrates the work of a 
B.B.C. mobile recording unit in sound 
broadcasting. Visitors will be able to 
make a recording and then have it 
played back to them. There will also 
be a 1:7 scale model of the feeder 
switching towers used at the B.B.C.’s 
short-wave stations for connecting the 
transmitters to any of the numerous 
aerial arrays. This will be a working 
model, and visitors will be able to 
select an aerial and then watch the 
switch operate. 
The B.B.C., 


Broadcasting House, 
London, W.1. 


John Bell and Croyden (22) 

HIS firm is showing a new sub- 

miniature packaged amplifier, illus- 
trated top centre, which is available in 
one, two or three stages. The amplifier is 
a moulded unit with valve holders for 
Mullard sub-miniature valves, and can 
have either a high or low impedance 
output. It has a very low battery con- 
sumption and a low noise level. The 
compression strength of the block 
exceeds 250lb. The components are 
completely sealed to prevent air inhibi- 
tion. 

The weight of the 3-stage amplifier 
with valves and transformer is 30z., a 
2-stage with valves joz., and |-stage $0z 

The main characteristics of a typical 
2-stage amplifier are: a gain of 60db 
level 10c/s to 50c/s; an input impedance 
of 10M; an output impedance of 1M®%, 
Vipmax. of 1.6mV, and V,,;max. of 
1.5V. 
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Another new item on this stand will 
be the portable miniature oscilloscope, 
which is designed for television servic- 
ing, laboratory work and for radio 
servicemen. The dimensions of the case 
are 9tin. by 34in. by Sin. 

The cathode-ray tube has the follow- 
ing sensitivity: X — 24V R.M.S. per cm, 
and Y—15V RMS. per cm. The Y 
amplifier has an input impedance of 
IM®&, a sensitivity of 50-100mV R.M.s. 
per cm, and a frequency response of 
10c/s — 3Mc/s. The time base has a 
frequency of 10-50,000 sweeps per second 
in six ranges, and provision is made for 
synchronizing. The time base output is 
available for use with a “ wobbulator.” 


The oscilloscope has a.c. coupling to 
one Y plate, direct coupling to at least 
one of both X and Y plates, and possible 
coupling to a tube modulator. 

John Bell and Croyden, 
117 High Street, 
Oxford. 





Belling and Lee, Ltd. (64) 
(Illustrated above) 


HE Belling and Lee Connector is 

designed for use with coaxial cable 
with an additional screen, and will accept 
cable up to ?in. overall diameter. The 
dielectric between the inner conductor 
and braid is polythene, and that between 
braids, nylon filled bakelite. The 
characteristic impedance of the centre 
conductor is 802. The outer braid is 
directly connected to the chassis, but the 
inner braid can carry R.F. or D.C. up to 
250V, or can be earthed separately. 

One type of plug is available for con- 
nexion to the cable, but there are alter- 
native sockets as follows: L.764/CS, a 
standard chassis socket with two hole 
fixing, with solder connexions for centre 
conductor and inner braid; or L764/BS, 
in which the connexion to the centre 
conductor and inner braid terminate in a 
standard coaxial socket to accept coaxial 
plug L.734/P. The plug is fitted with a 
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quick action retaining ring, which ensures 
positive, vibration proof locking. 

The solder connexion can be made 
with the metal parts removed from the 
insulation so that there is no danger of 
damage to the dielectric by heat. 

The outer housing is sturdily con 
structed in light alloy, and is splash 
proof but not sealed. The electrical per 
formance is well within the requirements 
(where applicable) of specifications 
RCS/322 and RIC/322. 

Belling and Lee, Ltd., 
Cambridge Arterial Road, 
Enfield, Middx. 


A. F. Bulgin and Co., Ltd. (2) 


HE new Bulgin mains voltage signal 

lamp, taking standard “15W Pigmy 
Sign” or “Switchboard Indicator ” 
lamps, with B.C. (BS.52) Caps, for 
direct use upon all usual mains-supply 
voltages, will be exhibited. This model 
has a thermosetting-heat-resisting front 
moulded bezel and glass lenses in a 
wide variety of colours. The lamp-holder 
itself is all-insulated, and the aluminium 
casing may be earthed. Lamp-replace 
ment is from either front or rear, and 
it is suitable for panel-thickness of from 

S.W.G. upwards. The aluminium 
casing is louvred for ventilation, with 
light-trapping so that a plurality of 
these fittings may be mounted 
adjacently, without stray light giving 
false or unwanted signalling or indica- 
tion. 

All Bulgin signal lamps are standard 
with plastic Jenses, for use at up to 
70°C., but all models can now be had 
with glass lenses, Models are being 
introduced to cover continental lamps 
and American lamps, with candelabra 
or E.12 screw-cap. 

Among the large range of Bulgin 
plugs and sockets, there have been 
further improvements to cover improved 
cable-gripping and reinforced strength 
against crushing or fracture due to col- 
lision of apparatus or equipment, while 
a new form of safety mains connector, 
suitable for all-insulated apparatus will 
be shown. With this model, removal 
of the cabinet back or opening of the 
cabinet door not only breaks both poles 
in the briefest possible movement, but 
inadvertent or even wilful contact with 
live parts is prevented, and temporarily 
re-connecting of the connector members 
is also impossible, although service 
engineers on the other hand, may 
easily establish the mains connexions 
for their purposes. This component is 
adaptable to all kinds of radio and 
electronic equipment and appliance, to 
give compliance with safety require- 
ments. As soon as the cabinet back or 
door is unlatched or unscrewed, the 
connector itself promotes the discon- 
nexion of both poles of the mains. 

The new Bulgin low-current Fuse 
links, low current sensitive fuses opera- 
ting upon currents as low as 10mA, 
carrying and 20mA blowing, are reason- 
ably robust. They are precise to rating 
and are designed to protect expensive 
but low-rated or overload-factor instru- 
ments in equipment. Like all Bulgin 
Fuse-links, replacements are easily fitted 
by the Cartridge form of construction, 
fitting into standard holders. These fuses 
are being made in the well known lin. 
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diameter styles, in lengths of jin., lin. 
and Iin., with a number of useful 
ratings up to the 60 or 100mA (carrying) 
figures of the lower-end of the existing 
ranges. 

New models in the Bulgin range 
include biased or non-biased (‘‘ non- 
locking” and “locking”) types with 
longer fixing bushes, in toggle (lever) 
and semi-rotary types, and new side 
types, all with positive Q.M.B. action and 
with new overload-withstanding features, 
widening the scope of their application 
to inductive circuits giving high back 
E.M.F. upon breaking circuit. All models 
have new and improved internal action, 
to meet difficult conditions of usage. 


A. F. Bulgin and Co., Ltd., 
Bye Pass Road, 
Barking, Essex. 


Burndept Ltd. (40) 


URNDEPT Ltd. will exhibit a new 

range of V.H.F. communications 
equipment. Some of the more interesting 
types are briefly mentioned below. 

The BE201 is a transmitter/receiver of 
5 watts, having a frequency range of 
100-125Mc/s in one band. The BE202 
and BE203 are lightweight v.H.F. dry 
battery operated transmitter-receivers of 
the walkie-talkie type. BE202 has a 
frequency range of 95-100Mc/s. Three 
transmitter/receivers having a power of 
50 watts are the BE206, 207 and 208, 
which have a frequency range of 66- 
100Mc/s, 100-156Mc/s and 156-184Mc/s 
respectively. These three models can be 
used in association with a remote control 
unit BE210, which is designed for ease 
of maintenance and simplicity of opera- 
tion, either in cabinet or rack mounted 
form. Type BE211-A is a 10 watt v.HLF. 
transmitter, as designed and produced 
for the Ministry of Civil Aviation. It 
has a frequency range of 117-133Mc/s 
for use as an airport control station. A 
three channel 60-93Mc/s transmitter/ 
receiver, with a vibrator power pack is 
BE209, which is a portable field equip- 
ment of special design which gives a 
high quality performance. 


Burndept, Ltd., 
West Street, 
Erith, 

Kent. 


A. C. Cossor, Ltd. (86) 


AS interesting item on this stand will 
be the Model 1314 Electro-Cardio- 
graph, which is a direct-writing instru- 
ment containing an electronic amplifier of 
special design and a two-speed recorder 
unit giving an instantaneous recording of 
the heart waveform. The instrument is 
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for use on 50 cycle a.c. mains or with a 
convertor from batteries. Normal sensi- 
tivity is the internationally accepted stan- 
dard of Icm/mV and suitably calibrated 
recording paper is supplied in rolls 
giving 30 minutes continuous recording. 
The calibration signal or any of the stan- 
dard lead connexions may be selected on 
a single front panel control. The whole 
instrument is precision engineered 
throughout, and is completely portable. 
A. C. Cossor, Ltd., 
Instrument Division, Cossor House, 
Highbury Grove, London, N.5. 


Dept. of Scientific and Industrial 
Research (235) 
HE D.S.LR. stand at the Radio Show 
will show the use of ionospheric 
recording in short wave communications. 
From information obtained by recording 
stations all over the world, the best 
frequencies for transmitters to use are 
forecast six months before. Radio 
receivers tuned in to the same broadcast 
on different frequencies will prove how 
accurate these forecasts are. 
D.S.LR., 


Charles House, 
5-11 Regent Street, 
London, S.W.1 


Dubilier Condenser Co. (1925), Ltd. (45) 
LLUSTRATED bottom left are the 
insulated wire-wound resistors type 

BWF, which are completely insulated 

wire-wound components available in 

two wattage ratings of +W and IW at 
71°C. The shaped connecting wires are 
crimped to the ends of the resistance 
element assuring definite contact. The 
whole resistor assembly is moulded in 
selected phenolic resin, to make it com- 
pletely insulated and adequately sealed. 

The resistors are available in the range 

of 1.02 to 1,0002 for the 4+W rating, 

and 1.02 to 4,7002 for the 1W rating. 

The high stability resistor, illustrated 
bottom centre, consists of a hard crystal- 
line or pyrolitic carbon element which 
is formed and deposited upon the sur- 
face of a specially selected ceramic rod 
at high temperature. These resistors 
have: high intrinsic stability of resis- 
tance value; a temperature coefficient 
of —0.02 per cent to —0.06 per cent 
per °C, dependent upon resistance 
value; negligible voltage coefficient; low 
noise level and negligible inductive 
phase angle. The resistors have rigid 


metal end-cap contacts with integral 
connexion wires, and are available in 
two types—normal and insulated with 
neoprene _ sleeve, 
ferred values. 
Shown bottom right are the type C 
potentiometers. 


suppliable in pre- 


These are made up of 


a moulded phenolic resin base to which 
is riveted a resistance element. This 
element has a suitably graded resistance 
coating, permanently bonded to_ high- 
grade laminate of the required shape, 
and is processed and seasoned at a high 
temperature to ensure a durable and 
stable element. 

The contact brush is carried on, but 
insulated from a 4in. diameter spind’e 
rotating in a #in. diameter, 32 T.P.1. 
brass bearing bush. The brush is of a 
multi-finger type with each of the 
fingers contacting the resistance element 
independently. 

The resistance value is from 5,000 to 
10,0002 semi-log, and from 25,0002 to 
5.0M® log. 

There is a tropicalized form of the 
Type C control, called Type Z, which is 
identical internally. 

Dubilier Condenser Co. (1925), Ltd., 

Ducon Works, Victoria Road, 
North Acton, London, W.3. 


Edison Swan Electric Co., Ltd. (63) 


F considerable interest to the non- 
technical visitor will be the Ediswan 
“talking” television set. This is a 
special display unit which has been 
developed as a _ method of teach- 
ing in non-technical language the 
importance of the valves and cathode- 
ray tube in a television receiver. 

It takes the form of a “ghosted” 
receiver in which each group of valves 
will be illuminated in turn and the 
receiver will explain their function so 
that the method by which the signal is 
taken from the aerial and used to pro- 
duce a picture on the cathode-ray tube 
can be understood. 

In accordance with the expressed 
desire of the Radio Industry Council 
Ediswan are showing a number of items 
of electronic and electro-medical equip- 
ment. Prominent among these is a 
demonstration of a new low priced 
highly stabilized power supply unit. This 
unit has been designed to power elec- 
tronic equipment in research and 
development undertakings and for the 
testing and calibration of instruments. 

It operates on 200-250 volts, 40-100 
cycles a.c. and provides an adjustable 
120-250 volts p.c. highly stabilized 
supply at 0-50mA 

The Edison Swan Electric Co., Ltd., 
155 Charing Cross Road, 
London, W.C.2. 


The Garrard Engineering and Manufac- 
turing Co., Ltd. (68) 
HE Garrard exhibit will include two 
automatic record changers, the RC80 
and the RC72A. 
The model CR80, which is illustrated 
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above, is made only for export, and will 
play up to ten records, 7in., 10in., and 
12in. not mixed at 334, 45 or 78 R.P.M. 
It has two record spindles, one for the 
large hole 45 R.p.M. records, and a 
stepped sloping spindle for all other 
types. It is fitted with a pick-up muting 
switch and automatically stops when the 
last record has played. 

The model RC72A will play any num- 
ber up to eight records of 10in. or 12in. 
not mixed, at 334 or 78 R.P.M. Tin. 45 
R.P.M. records can be played singly using 
centre hole adaptors. It also stops auto- 
matically when the last record has 


played. 
The Garrard Engg. and Mfg. Co., Ltd., 
Swindon, 
Wilts. 


The General Electric Co., Ltd. 
(51, 23, 211) 

HE Osram valve and _ electronic 

stand will display a complete range 
of current Osram _ receiving valves, 
particularly the miniature button seal 
types, in both 7 pin (B7G) and 9 pin 
(B9A Noval) _ bases. These valves 
include six types for 1.4 volt dry battery 
sets or mains-battery receivers, inc!uding 
a new shortwave frequency changer, the 
X18. There will also be a range of 
6.3 volt indirectly-heated miniatures 
including the new X79 triode hexode 
frequency changer, and high slope out- 
put pentode N78; a range of 100 mA 
A.c./D.c. valves with comparable charac- 
teristics to their A.c. counterparts. For 
television receivers, the well known Z77 
high gain R.F. pentode will be shown in 
the range of miniatures, and four new 
“ Noval-based” valves to replace octal 
types hitherto used. These are Osram 


N339, a line scan pentode, which is 
illustrated below left, U319 and U309 
mains rectifier and booster diode respec- 
tively; and the LN309, a triode-pentode 
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multiple miniature with various appli- 
cations. 

The sub miniature E.H.T. rectifier for 
fly-back circuits, U37, which is illustrated 
with the pentode, will also be exhibited. 

The General Electric Co., Ltd., 
Magnet House, 

Kingsway. 

London, W.C.2. 


The General Post Office (233) 


MODEL of a microwave Rhombic 

aerial will be on view. This type of 
aerial is widely used in the Post Office 
Overseas Radio Telephone and Tele- 
graph services, and the model is similar 
to that used in planning transmitting 
and receiving stations. Congestion of 
aerials, aerial supports or buildings at a 
station may adversely affect the efficiency 
of the station, and models are used to 
assess the effects of obstructions without 
the expense of full scale trials. 

Radio and coaxial cable links for 
B.B.C. television stations are supplied 
by the Post Office and how this is done 
will be seen in a pictorial representation. 

There will be displaved various 
electronic devices including a reaction 
timer used to demonstrate the speed of 
human reaction, and a telegraphy code 
convertor which automatically translates 
five-unit code into morse. 

The Telegraph Automatic Switching 
scheme is represented on the stand. This 
scheme is a revolutionary development in 
telegraph technique designed to speed up 
transmission of telegrams. It is now 
being put into operation in this country 
in four stages and is expected to be 
completed at the end of 1952. The 
exhibit will show how an operator in 
one telegraph office can dial and obtain 
direct connexion to any other office in 
the scheme without the interveniion of 
an intermediate office. 

The General Post Office, 
London, E.C.1. 





Haynes Radio, Ltd. (6) 

HE line output transformer, illus- 

trated above with its cover removed, 
is totally sealed in a copper container. 
It consists of: a ferroceramic core, and 
an extended winding for H.T. boost with 
an external valve rectifier; two enclosed 
E.H.T. rectifying valves, and other circuit 
components including E.H.T. capacitors 
for delivering 10-12kV, together with 
width controlled line scan when con- 
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nected in the anode circuit of an EL 
(PL) 38, taking 60/70mA from a 300 
330V H.T. supply. 
The transformer is for use with 35 or 
38mm (wide angle) cathode-ray tubes. 
Shown above is a scanning coil unit 
for 38mm wide angle round or square 
faced cathode ray tubes. The scanning 
coil is provided with a ferroceramic 
(Ferroxcube) ring core. 
Haynes Radio, Ltd., 
Queensway, 
Enfield, Middx. 





A. H. Hunt, Ltd. (95) 
(Mark 51 capacitor illustrated) 

HE original Hunt-Ingram capacitor 

was limited in its usefulness by its rela- 
tively high power factor of 0.2 per cent. 
compared with that of the standard oil- 
filled capacitor with 0.05 per cent, but 
in the new Mark 51 development the 
power factor has been reduced to a limit 
of 0.1 per cent, with the result that the 
permissible loading of the capacitor is 
increased by approximately 100 per cent. 
The capacitors are particularly useful in 
high voltage and power R.F. equipment. 

There are three ratings available of 
140kVA, 7OKVA, and 35kVA, with a 
capacitance of 1,000pF-0.01uF, SO0pF- 
2,000pF and 150pF to 500pF, respec- 


tively. 
A. H. Hunt, Ltd., 
Bendon Valley, Garratt Lane, 
London, S.W.18 


Lee Products (Great Britain), Ltd. (16) 
EE PRODUCTS will show a new 
car radio aerial, type CA/8, which 

will have a wing scuttle fitting, and be 

similar to type CA/7. It will be made up 

of four sections extending to 40 inches, 

but measuring 134 inches in its tele- 
scopically closed position. 

Lee Products (Great Britain), Ltd., 

90 Great Eastern Street, 

London, E.C.2. 
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Metro Pex, Ltd. (31) 


ETRO PEX, LTD., have introduced 

the Magnavista filtachromatic lens, 

which is available in a number of 

different models. The filter is actually 

contained inside the lens to afford 

“daylight” viewing without having to 
increase the brilliance. 

Metro Pex, Ltd., 

42a Denmark Hill, 

London, S.E.5. 


Ministry of Civil Aviation (236) 


HE main feature of the Ministry of 

Civil Aviation exhibit in the Radio 
Show will be a 15ft by 8ft model, built 
to a scale of 1:1250, of London Airport 
as it will appear in the future. 

The model will be flanked on its four 
sides by photographic and diagram- 
matic information on many aspects of 
London Airport activity. Subjects dealt 
with include present amenities, British 
aircraft, radio and radar aids, air traffic 
control, lighting, architectural design 
and statistics showing the increase in 
aircraft passenger and freight move- 


ments in the London area to date. 
Ministry of Civil Aviation, 
Ariel House, 
Theobalds Road, 
London, W.C.1. 





Mullard Ltd. (75) 

HE new Mullard 16-in. Television Pic- 

ture Tube Type MW41-1 will be shown 
for the first time on the Setmaker’s Sec- 
tion of the Mullard Stand, and is illus- 
trated above. 

The new tube, which incorporates a 
magnetic ion-trap, has a useful screen 
diameter of approximately 144in. This 
enables a picture with rounded corners 
of approximately 130 sq. in. or 13in. x 
10in. to be obtained. 

A feature of the tube which should 
prove of particular interest to set de- 
signers is its short neck measurement, 
which is, in fact. no greater than that 
of the standard 12-in. type of tube. This 
means that it is possible to design larger- 
screen television receivers without any 
appreciable increase in the size of the 
cabinet. 

The tube consists of an almost flat 
glass viewing screen, a metal cone enve- 
lope, and a glass neck containing the 
electron gun. It can be operated from 
power supplies normally used in televi- 
sion receivers, and sufficient light is pro- 
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duced for the picture to be viewed under 
average conditions of ambient light in 
the home. 

The MW41-1 tube has a heater with a 
voltage of 6.3V and a current of 0.3 amp 
(series operation), which is suitable for 
series or parallel operation A.c. or D.C. 
The fluorescent screen material is an 
efficient emitter of white light providing 
high definition pictures of good contrast. 
The tube has a deflexion angle of ap- 
proximately 70°, with a recommended 
anode voltage of 9-12kV, although the 
maximum value is 14kV. The anode 
connector is a metal-cone lip, and the 
base is a Duodecal B12A. 

The tube has on overall diameter of 
15.9in. and a maximum overall length of 
18in. It weighs about 114lb. 

Mullard Ltd. 
Century House, 
Shaftesbury Avenue, 
London, W.C.2. 


Ossicaide, Ltd. (32) 
(R17 illustrated below) 


HE Ossicaide stand will be exclu- 

sively devoted to hearing aids. The 
three main models will be the “Osray” 
RP15, RP16 and RP17, the last named 
being claimed as the smallest aid in the 
world, since it weighs only 30z., com- 
plete with all batteries. At the same 
time it is sufficiently powerful for most 
deaf people. 

The modei R17 incorporates a crystal 
microphone, a three valve amplifier 
volume control, the output being via an 
output transformer to either a Miniature 
Earpiece or Bone Conductor having an 
impedance of approximately 90 ohms, 
The overall gain is not less than 
45db operating on 15V_ high tension 
lasting approximately 150 hours, and a 
1.4V low tension giving approximately 
25 hours use. 

The R.P.15 is a deluxe instrument in- 
corporating magnetic pick-up unit, auto- 
matic volume control and straight high 
quality reception. 

This device is particularly useful for 
listening to the radio, television, tele- 


phone, cinema and in similar circum- 
stances, and relies for its operation upon 
the small magnetic field which is thrown 
out when a loop of wire is run from the 
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output terminals of a suitable amplifier. 
and in the case of the telephone, on the 
leakage from the transformer contained 
in the base. 

These three aids are constructed on 
the same lines, using a_ Berryllium 
copper strip circuit, which gives the 
advantage of a small aid, while being 
very durable. Air or bone conduction 
may be used on all these instruments, 
the earpiece (air conductor) being only 


the size of a sixpence. 
Ossicaide, Ltd., 
Suffolk Hall, 
1 Upper Richmond Road, 
London, S.W.15. 


Standard Telephones and Cables, Ltd. (87) 
a" are now producing a limited 
range of valves having a higher ex- 
pectation of life than ordinary types. The 
range comprises 14 types, 13 of which 
have miniature or Noval bases, the other 
being of the GT type. They have been 
specially developed for aircraft control 
apparatus, transmitters and receivers to 
withstand the shock of battle conditions 
in tanks or battleships, to meet the strin- 
gent requirements of industry—in fac:, 
wherever conditions are tough and relia- 
bility is of the utmost importance. 

The S.T.C. rectangular wide angle de- 
flexion tube is another development. 
Although much smaller in length and 
volume, this tube gives a bigger picture 
than the round version and is much easier 
to handle. Brimar rectangular tubes are 
all aluminized, thus giving added bright- 
ness, improved contrast and daylight 
viewing. 

Standard Telephones & Cables, Ltd. 
Footscray, 
Sidcup, Kent. 





Telerection, Ltd. (27) 
(Illustration above) 


ELERECTION, LTD. have 
duced a new principle of impedance 


intro- 


matching, in a new aerial—the “ Multi- 
Designed for use in fringe and 
ultra fringe areas, Delta matching is 
utilized in T.v. and F.M. aerials. 

By use of this new matching device, 
any receiver with an impedance cable 
may be used. At the same time it gives 
maximum gain from a 4-element array, 
since the Delta matching device allows 
negligible losses. Being fully adjustable, 
accurate matching may be obtained. and 
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by the design of the aerial, maximum 
bandwidth, consistent with interference 
suppression properties, is obtained. 

It is more than essential that in match- 
ing an aerial to a set there is a maxi- 
mum transfer of energy. By using the 
Delta Match system the standing wave 
ratio on the transmission line is unity, 
and there is consequent elimination of 
interference pick-up on the feeder. 

The manufacturers claim that the 
* Multimus” has a maximum gain of 
3db above any other four element 
aerial. It has a bandwidth of 4.25 mega- 
cycles, a front/back ratio of 40db, and 
an acceptance angle of 60°. 

Telerection, Ltd., 
12 Suffolk Parade, 
Cheltenham, Glos. 


Valradio Ltd. (21) 


N the stand will be shown a full 

range of a.c./D.c. vibrator conver- 
tors, including new heavy-duty vibrator 
power units for operating mobile trans- 
mitters from 6 and 12 volt batteries. 
These units are capable of supplying out- 
puts up to 150 watts, which is sufficient 
for most mobile transmitter require- 
ments; the efficiency of these units is 
over 70 per cent. 

A popular unit of this type provides 
500V at 250mA; 6.3V at 6 amp from 
a standard 12V car battery. The vibrator 
used utilizes a total of 20 contacts. 

Valradio Ltd., 

New Chapel Road, 
High Street, 
Feltham, Middlesex. 


The Regular Army (284) 

——— the Regular Army 

this year are the Royal Corps of 
Signals and the Corps of Royal Elec- 
trical and Mechanical Engineers. To a 
large extent each of these Corps is 
dependent on the other, and it is symbolic 
of their mutual assistance that their 
separate displays are blended into one 
combined stand. 

The main exhibit for the Royal Corps 
of Signals will be an interesting tableau 
showing the various phases through 
which military signalling has passed 
since the Greeks first used a water 
telegraph system in 150 B.C. Electricity 
first came to the aid of the Army com- 
munications in the Crimean War and 
the tableaux will show some of the 
equipment used in those early days. 

The centrepiece of the R.E.M.E. dis- 
play will be a working model anti- 
aircraft gunsite, including the radar 
equipment. Other electronic equipment 
shown will include: a high speed oscillo- 
scope; a superheterodyne demonstra- 
tion rack; a graphoscope; an electronic 
valve characteristic plotter, and an elec- 
tronic polar diagram plotter. 

The War Office, 
London, S.W.1. 


Waveforms Ltd. (34) 

HE Radar 5-Channel Video and 

Sync Generator, illustrated top cen- 
tre, has been introduced to meet the 
requirements of service engineers called 
upon to check and adjust television 
receivers in more than one reception 
area. It produces a complete test pattern 
with line and frame synchronizing pulses 
for injection into the aerial socket of 
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a receiver. Simultaneous sound is pro- 
vided. A_ single control selects the 
required sound and vision channel and 
a three-position attenuator provides an 
R.F. output (peak video) of 10mV; 
ImV; and 100 microvolts corresponding 
to varying signal conditions. 

The pattern consists of horizontal and 
vertical bars which are graded from 
black (30 per cent mod.) to full white 
(100 per cent mod.). The modulation can 
be switched off leaving a blank syn- 
chronized raster, and the frame synchro- 
nizing frequency which is _ normally 
locked to the mains, may be unlocked 
to enable hum to be more readily ob- 
served. The complete video waveform 
with sync is available for injection into 
the v.F. stage of a receiver for checking 
sync separator and time base faults. This 
video output is approximately 6V_ peak 
and positive or negative — is 
provided. 

The generator is primarily | intended 
for checking and adjusting line hold and 
width, frame hold and height. line and 
frame linearity. brightness and contrast, 
interlacing, sound on vision interference, 
etc., in the absence of a transmission. 
The instrument is portable, and weighs 
15lb, and is for use on 200/250 volts 
A.C. mains. 

Waveforms Limited, 
26 Oakleigh Road, 
New Southgate, 
London, N.11 





Westinghouse Brake 1. Signal Co., Ltd. 
(43) 


HE Westinghouse “ Westalite ” 

rectifier Code No: 2L985, illustrated 
above, is an hermetically-sealed biscuit 
shaped unit, designed primarily: for un- 
obtrusive housing on lightweight. motor- 
cycles and with an 8 amp output for 
battery charging from fly wheel dyna- 
mos. Incorporating selenium-compound 
elements, the unit is centre-tapped; the 
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case being positive and the two leads 
negative. 

Westinghouse Brake and Signal Co., Ltd., 

82 York Way, King’s Cross, 

London, N.1. 


Wolsey Television, Ltd. (5) 


HE Wolsey F3E aerial. illustrated 

below, consists of a folded dipole 
with a director and reflector. This 
aerial has been designed to meet the 
requirements of reception at extreme 
range or with severe interference. 

The gain is 7.5db over a single dipole, 
and has an acceptance angle of 65°, 
with a front to back ratio of 30db. The 
use of a _ folded dipole ensures an 
impedance match with 70 ohms feeder. 
and the aerial has a_ bandwidth of 
3.5Mc/s. 

The aerial weighs 74lb. and is avail- 
able for the following channels: Lon- 
don, Birmingham, Huddersfield and 
Scotland. 

Wolsey Television, Ltd., 
75 Gresham Road, 
Brixton, London, S.W.9. 




















Wright and Weaire, Ltd. (112) 


I pee stand will be so arranged as to 
exhibit the two main interests of the 
company, viz., radio and_ electronic 
components and magnetic tape 
recorders. 

The central portion of the stand con- 
sists of a sound proof room where con- 
tinuous demonstrations of magnetic 
recording will be taking place. These 
demonstrations will feature “live” 
recording by members of the public of 
speech, song and pianoforte playing, 
simultaneous dual-track recording and 
replaying, speech recording at tape 
speeds of 3}in. and 1l{in. per second, 
continuous loop recorders, remote contro] 
and voice/signal operation. 

Typical Ferrograph recorders tape- 
decks and _ rack-mounted assemblies 
will be on view at one open end of the 
stand while the other will comprise 2 
comprehensive display of Wearite com- 
ponents. 

Wright and Weaire, Ltd., 
138 Sloane Street, 
London, S.W.1. 
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NOTES 


The 1951 Audio Frequency Engineer- 
ing and Acoustics Convention of the 
Brit. I.R.E. will be held at the Richmond 
Hall, Earls’ Court, London, S.W.5, on 
September 4th, Sth and 6th, and is con- 
current with the National Radio Exhibi- 
tion held at Earls Court. 

A large range of subjects concerned 
with audio frequency engineering will 
be covered by 15 lectures, with titles 
such as “The Royal Festival Hall: 
Acoustic Design and Testing,” ‘“ Prob- 


lems in Magnetic Recording with 
particular reference to Film Produc- 
tion,” “The Mechanics of Hearing,” 


“Electrophonic Organs” and “ Piezo- 


Electric Crystal Transducers.” 


Admission to the lectures is by ticket 
only, for which application must be 
made to the Secretary, the British In- 
Stitution of Radio Engineers, 9 Bedford 
Square, London, W.C.1. The registra- 
tion fee of 10s. 6d. should be enclosed. 
Further details of the convention can 
also be had from the same address. 


New Examination of Graduateship of 
the Institute of Physics. In September. 
1949, the Institute of Physics instituted 
a new grade of membership—Graduate- 
ship (Grad.Inst.P.)—for those holding a 
recognized degree or other qualification 
in physics but not having the necessary 
period of professional experience required 
for Associateship of the Institute. By 
July, 1951, more than 400 applicants had 
been elected to the new grade. 

The Board of the Institute now 
announces the establishment of an 
examination by which those not hold- 
ing a recognized university degree may 
satisfy the academic requirements for 
election to Graduateship and,  sub- 
sequently, when the necessary approved 
experience has been acquired, for the 
acquisition of professional status as a 
physicist by transfer to the corporate 
grade of Associate of the Institute. 

Candidates for the examination will 
normally be required to have followed 
a suitable course of study at a college or 
other institution recognized for this pur- 
pose by the Institute. The subjects of 
the examination are physics (three papers 
and a practical examination), mathe- 
matics (two papers) and a third subject 
{one paper) chosen by the candidate from 
(a) applied physics, (b) more advanced 
physics, (c) mathematical physics and 
(d) statistics. Those choosing applied 
physics will be required to offer only 
one of the sections (i) electronics, (ii) 
high vacuum technology, (iii) acoustics, 
(iv) spectroscopy, (v) X-rays or (vi) 
temperature measurement. 

Direct election to Graduateship with- 
out examinations will be still open to 
holders of recognized university degrees 
in physics. Certain other degrees or 
other qualifications such as the Higher 
National Certificate in Applied Physics 
will entitle the holders to exemption 
from up to four of the six papers of 
the examination. 
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The first examination will be held in 
1952. 

Copies of a booklet containing the full 
regulations and_ syllabuses of the 
Graduateship examination may be ob- 
tained free, on request, from the 
Institute of Physics, 47 Belgrave Square. 
London, S.W.1. 


The Polytechnic Evening Courses, in 
Telecommunications, which _ includes 
television and radio servicing, are due to 
start on September 24, for the session 
1951-1952. These courses provide a 
thorough training in the principles and 
technique of the subjects they cover. 

The Telecommunications courses are 
approved for the award of the 
“Ordinary” and “Higher” National 
Certificates granted by the Institution 
of Electrical Engineers in conjunction 
with the Ministry of Education, and are 
also recognized by the City and Guilds 
of London Institute as preparing for 
their examinations. 

The courses in Radio and Television 
Service Work prepare for the Radio and 
Television Servicing Certificates awarded 
jointly by the City and Guilds and the 
Radio Trades Examination Board. 

The radio, television and measure- 
ments laboratories are well equipped 
with modern apparatus, most of which 
has been specially designed for advanced 
experimental work. These laboratories 
are available for those wishing to 
prepare theses for the higher university 
degrees, or to pursue an advanced study 
of a particular subject. 

A copy of the syllabus, together with 
further details, may be obtained from 
the Secretary, The Polytechnic, Electrical 
Engineering Department, 309 Regent 
Street, London, W.1. 


Wireless Interference from Ignition 
Systems.—The Postmaster General’s 
Advisory Committee on Wireless Inter- 
ference from Ignition Systems which was 
appointed to sit under the chairmanship 
of Sir Stanley Angwin has now pre- 
sented its report. 

The Committee devoted its attention 
in the main to the abatement of inter- 
ference with the television services of 
the B.B.C. from ignition systems, includ- 
ing those used in motor vehicles, motor 
boats, fixed or portable stationary 
engines, motor mowers, tractors, etc. 

The Committee’s recommendations are 
based on the assumption that all reason- 
able measures will be taken to reduce 
the susceptibility to interference of 
receiving installations. They recommend 
that ignition equipment when tested as 
installed in the vehicle or stationary 
engine with which it is used should not 
radiate an  interference-producing field 
which exceeds 50 microvolts per metre 
for frequencies in the 40-70 megacycle 
per second frequency band, measured on 
specified equipment at a point not less 
than 10 metres distant from the vehicle 
or engine. 

The Committee advise that suppression 
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to this limit can be achieved with neg- 
ligible effect on the mechanical perfor- 
mance of the engines. In the case of 
about 60 per cent of existing motor cars 
the Committee think that the required 
degree of suppression can be achieved 
by fitting a single resistor costing about 
2s. 6d. 

The Committee recommend that at 
least six months should elapse between 
the making of any regulation pre- 
scribing requirements to be complied 
with for the prevention of undue inter- 
ference and the time of its coming into 
force. As regards the application of 
regulations to users (as distinct from 
manufacturers) they say that the efficacy 
of such a measure will depend mainly 
upon the co-operation of the public and 
adequate publicity for the simple 
remedial measures which users can take. 


British Radio Exports in the first six 
months of 1951 were valued at 
£10,195,333, 39.4 per cent more than the 
figure for the same period last year, an 
all-time record and five times the value 
of a whole year’s exports before the 
war. 

These figures, based on Customs 
returns and issued by the Radio 
Industry Council recently, show that the 
biggest increase was in the export of 
radio receivers which rose by 74 per cent 
to £2,110,824. Receiver manufacturers 
were able to expand their markets in 
almost all countries. 

Loose components were exported to 
the value of £3,387,892, approximately 
10 per cent going to the U.S.A. and 
Canada. Exports of valves rose by 54 
per cent to £1,817,171 and of capital 
equipment (broadcast transmitters, com- 
munications equipment, navigational 
aids, etc., not including that installed in 
ships and aircraft) by 12.6 per cent to 
£2,646,618. 

The British Commonwealth — took 
about 40 per cent of the total radio 
exports which now form the highest 
single group among exports of the 
British electrical industry. 


The R.S.C.B. Amateur Radio Call 
Book is being published for the first 
time, and is available price 3s. 6d., by 
post 3s. 9d., from the Radio Society of 
Great Britain, New Ruskin House, Little 
Russell Street, W.C.1. 

This new venture of the R.S.G.B. 
contains up-to-date names and addresses 
of some 6,000 licensed amateur trans- 
mitting stations in the British Isles and 
Irish Republic, and it is believed to be 
as accurate a record of amateur activity 
in these Isles as has yet been produced. 
Copies may be obtained in the Irish 
Republic from the Honorary Secretary 
of the Irish Radio Transmitters’ Society 
—Captain A. C. Woods, 17 Butterfield 
Crescent, Rathfarnham, Dublin. If a 
call sign does not appear in the book the 
licensee should notify the Call Book 
Editor: Mr. J. P. P. Tyndall, G2Q1, 174 
The Drive, Ilford, Essex. 
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Letters to the Editor 


(We do not hold ourselves responsible for the opinions of our correspondents) 


A D.C.-A.C. Amplifier for Use 

in Physiology 

Dear Sir,—We have read with interest 
the paper by Mr. H. Asher published in 
the May edition of ELEecTRONIC ENGI- 
NEERING entitled “A D.C.-A.C. Ampli- 
fier for use in Physiology.” In his paper 
Mr. Asher suggests that this amplifier 
may have a wide range of applications— 
presumably in physiology—and we 
Should therefore appreciate the oppor- 
tunity of commenting on his circuitry. 

The following remarks are confined to 
the input and first amplifying stages, it 
being generally agreed that these are the 
most important in the design of an ampli- 
fier for electrophysiological investiga- 
tiens.’? 

Considering first the input stage, Mr. 
Asher states that this is used to provide 
the grid current for the succeeding pair 
of valves, but he does not appear to 
utilize the other advantages offered by 
cathode followers as input valves. While 
agreeing that with biological prepara- 
tions presenting a source impedance of 
several megohms** a considerably more 
cemplex input stage, such as that of 
Bishop’ is necessary, it does appear that 
the present circuit is unsuitable to deal 
with a group of biological techniques 
where the source impedance may reach 
100KQ. (Assuming that the “thin 
braided screened cable” mentioned is 
similar to that examined by us, the input 
impedance of Mr. Asher’s circuit appears 
to be 2M shunted by 180pF, which 
when fed from 100K source gives a 
voltage loss of 4db at Skc/s). The versa- 
tility of the amplifier could be increased 
by improving the input impedance, this 
being accomplished by placing the cath- 
ode followers close to the biological 
preparation, thereby minimizing the 
length of screened lead, and increasing 
the value of the grid resistors from 1M2 
to 5-10M2. The latter change is com- 
patible with stability, as has been shown 
by Crawford’ though a limiting value is 
set by grid current. The alteration will 
also increase the open circuit noise of the 
Stage, partly by virtue of increased John- 
son noise but more importantly from 
current and frequency dependant grid 
shot noise**. These two factors, together 
with the ‘desirability of minimizing 
possible injury to the tissue under exam- 
ination, may call for the selection of a 
low grid current 6SN7, possibly working 
under reduced potentials. 

In passing it may be noted that when 
the 1“F grid blocking capacitors are in 
circuit they form frequency dependant 
potential dividers with the grid leaks. 
Mismatch of the components on the two 
sides can thus adversely affect the dis- 
crimination of in-phase/out of phase 
signals. For example, with the values 
indicated, allowing standard 20 per cent 
tolerances, discrimination at 50 c/s 
may be reduced to less than 400:1. 
This means that an out of phase signal 
of 50zV will produce the same beam de- 
fiexion as an in phase signal of approxi- 
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mately 20mV. This ratio may not be 
high enough for certain types of isolated 
preparation without additional screening. 
The substitution of higher value grid 
leaks diminishes the possible error, simul- 
taneously increasing the time constant of 
the coupling without increased risk of 
blocking. 


Computation indicates that the gain of 
the stage is 0.7. This loss of signal 
amplitude is unnecessary, and the gain of 
the stage could be made to approach 
unity by increasing the cathode loads (a 
negative H.T. supply is available in the 
circuit if necessary). This alteration 
would simultaneously provide the other 
advantages enumerated by Bishop’. An 
increase of 10 times in the value of the 
resistors would only increase the output 
impedance of the stage by 20 per cent. 

So far opportunity has been taken 
solely to suggest alterations which might 
improve the overall performance of the 
input stage, and thereby increase the 
range of usefulness of the amplifier. From 
the point of view of the present investi- 
gations (the study of electro-retinograms), 
these changes may be considered unneces- 
sary or undesirable by Mr. Asher. _ If 
this is so the question presents itself as 
to whether the desired end result could 
be obtained by an alternative method. If 
the cathode followers are doing nothing 
save providing the grid current for the 
first amplifying stage would it not be 
advantageous to dispense with the present 
input stage, and substitute a low grid 
current valve type in place of the Ist 
stage of VR65s? 

The E.F. series of valves merit con- 
sideration. They have an anti-micro- 
phonic construction which would elimin- 
ate the selection of VR65s mentioned by 
Mr. Asher, and working under reduced 
operating potentials, such as shown for 
the first amplifying stage, low values for 

grid current.’ Mullard can now supply a 
pardon EF37 (designated ME1400) with 
grid current less than 10-" A. This 
alteration would dispense with the cath- 
ode follower stage altogether, reduce the 
overall noise level of the amplifier, while 
leaving the input impedance virtually un- 
altered, since the Miller effect would be 
negligible compared with capacitance of 
the screened lead. 

Two criticisms may be levelled against 
this suggestion. In the first place Mr. 
Asher has stressed the fact that the major- 
itv of the components used in his circuit, 
including all the valves, are available 
from Government surplus. The EF37 
series are not so available. However as 
these valves are not suggested as mere 
replacements for the VR65s, but are con- 
sidered more suitable in this particular 
¢case, one’s decision must not be too 
heavily influenced by minor financial 
considerations. 

Secondly, working under the conditions 
specified for the first amplifying stage the 
VR65 has an amplification somewhat 
higher than the EF37. However removal 
of the cathode followers (Gain 0.7) and if 
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necessary, utilization of some of the addi- 
ticnal gain available by using a higher 
ag amplitude control should remedy 
this. 

Finally, could Mr. Asher provide more 
performance data for his amplifier? For 
example, figures for the in phase/out of 
phase discrimination ratio, frequency 
response (stating source impedance), noise 
level under capacitor-coupled conditions 
(stating whether R.M.S. or peak to peak} 
and total noise under D.C. conditions, in- 
cluding “drift” as suggested by Harris 
and Bishop," taken over a period of half 
an hour or so, enable one to form a more 
accurate idea of the suitability of an 
instrument for a_ specific investigation. 
As stressed by Bishop and Harris* it is 
desirable to have an amplifier that is 
stable within defined limits over a period 
of time which is long compared with the 
the period under investigation. |Com- 
paratively few physiological experiments 
are completed in a time which is short 
compared with one minute (the period 
quoted for “drift” by Mr. Asher). 
Indeed, Fig. 4 reproduces a trace taken 
over approximately one sixth of a minute. 
It may be noted that at the right hand 
side of the trace the two recordings are 
separated by a distance which is in excess 
of the separation at the left hand side by 
an amount equivalent to a signal of 
approximately 100#V. Is this due to @ 
prolonged after-potential following the 
initial “ Light on” response (in which 
case the complete response lasting until 
the trace has returned to the base line 
must take considerably longer than one 
sixth of a minute) or is it due to drift in 
the preparation (in which case it must be 
troublesome to separate this effect from 
distortion due to a.c. coupling, etc)? 


Yours faithfully, 


A. J. BULLER, B.Sc., M.B., 
Sherrington School of Physiology, 


and 


P. STYLES, 
Department of Physical Medicine, 
St. Thomas’s Hospital, S.E.1. 
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Dear Sir,—As is well known, directly 
coupled amplifiers may behave very 
erratically. It would, therefore, require 
a large number of observations om 
a large number of amplifiers to be able 
to say with reasonable certainty what 
precautions are necessary to ensure a 
desired stability. The data in the litera- 
ture is not sufficient for this to be done. 
It might. therefore, be valuable to collect 
the results of those workers whose main 
interests are other than electronic, who 
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would not normally publish their find- 
ings. 

These remarks are suggested by the 
article by Mr. Asher’ which recently ap- 
peared in this journal, particularly 
because his experience has been different 
from mine. I have used two battery 
operated amplifiers, one of which resem- 
bled Mr. Asher’s, but despite perserver- 
ance, neither had the stability he reports. 
On the other hand since changing to 
mains operation and adopting some of 
the recent refinements of technique I 
have obtained a useful improvement in 
performance. 

The use of a pentode as cathode load 
in the first stage was particularly benefi- 
cial; with a 12SH7 instead of a 50k 
resistor in the cathode of a 12SC7, the 
immunity to heater temperature changes 
was about as great as could easily be 
obtained with Miller’s® critically adjusted 
circuit. Furthermore, series-heater opera- 


tion from a_ regulated high voltage - 


supply as practiced by Miller and others, 
was found to be very satisfactory, and 
more reliable than accumulators. 

The amplifier recently built here for 
the recording of thermocouple voltages 
consists of a 12SC7 (having its own sup- 
plies) followed by two stages of 10FI’s. 
Tle 12SC7 has a subsidiary regulator 
similar to that described by Bishop and 
Harris,’ but there is no mean level feed- 
back (see also Johnston‘). The stability 
is probably not far short of the highest 
yet reported; drift is commonly between 
70 and 300 microvolts in thirty minutes 
and the warming up period is short 
enough to allow switching off at night. 
It should be mentioned that, since the 
bandwidth is several times greater than 
is used in physiological work, a gain 
greater than 10° times is not normally 
used. 

Yours faithfully, 


R. A. W. HILL. 
REFERENCES 
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The author replies:— 


Dear Sir,—The amplifier which was 
completed early in 1947 when materials 
were short, could certainly be improved, 
The present VR65’s give a noise value of 
8 micro-volts “ peak to peak” as mea- 
sured with a ruler on the tube face, with 
the frequency response 3db down at 
3kc/s, there being much cable on the out- 
put. Test voltage from a source of 2 
ohms output impedance. EF37’s would 
certainly give less noise, but the type of 
valve more often recommended for direct 
coupled amplifiers is one with a single 
cathode shared between two assemblies, 
such as a 6J6, AU55, 6SC7, or 12SC7. 

The mention of the long input leads 
and cathode followers mounted inside 
the amplifier was meant to indicate an 
absence of precautions. Naturally this 
arrangement is not suitable for a source 
impedance of 100k2 at Skc/s, and two 
references dealing with just this point 
were given. Where to put the cathode 
followers? When taking my own elec- 
tro-retinogram I prefer not to wear 
cathode followers on my head, though it 
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could be done, so they go in the box. In 
other cases they are better placed by the 
preparation. Concerning the cathode 
loads Messrs. Buller and Styles are quite 
correct, and they should in fact be larger. 


Longer time constant. When switch- 
ing from direct to capacitor input time 
has to be allowed for the input capaci- 
tor to charge through the grid leaks to 
the steady potential of the source before 
the trace is again steady. This delay, 
already irritating, would be made 5 to 10 
times worse by the suggested change. 
Hewever, were the longer time constant 
desirable the circuit could be modified to 
maintain the charge on the capacitor in 
the manner indicated for the later capaci- 
tor couplings. In practice the value that 
has been found most convenient is one 
second, and in general time constant 
values are best chosen to suit individual 
needs. 


Hum. This has often been picked up. 
In my experience when hum occurs, 
shorting the two input leads together at 
the preparation end always reduces it very 
greatly or eliminates it. Thus, though in- 
phase hum may be present, greater 
trouble is caused by out-of-phase hum. 
and the remedy is therefore screening or 
suppressing it at the source, not balancing 
it out. For this reason no presets for 
the elimination of in-phase hum were 
included. Without these presets balanc- 
ing the input circuits by increasing the 
time constant would not be useful. How- 
ever, because of the question I have tried 
a 50kQ2 preset resistor to adjust the 
anode loads of the first amplifier stage. 
By adjusting this and the shift control 
alternately it was possible to secure 
almost complete cancellation of the in- 
phase voltages for direct input. Then 
using cavacitor input the values of the 
grid leaks were adjusted to balance the 
input circuits without altering the time 
constant. This gives an in/out ratio of 
1500 to 1 when newly set. 


Drift. Since this depends on the 
balance of two valves it would be ex- 
pected to vary considerably with the 
specimens used. The figure quoted, 
30 microvolts per minute or less, refers 
to this one amplifier and its batteries. It 
was taken as the mean of three seven- 
minute runs, and has since been confirmed 
over two periods. one of sixty and one 
of ninety minutes’ duration. 

Light affects VR65’s considerably and 
should be excluded. Soldering the 
heater leads on to the valve pins is impor- 
tant, and I think it is best to have no 
ventilation. The drift rate is far higher 
than the figure of the order of 100 micro- 
volts in half an hour for the amplifier of 
Bishov and Harris. or 70-300 micro-volts 
in half an hour in Mr. Hill’s amplifier. 
In these amplifiers every possible precau- 
tion seems to have been taken. Changes 
much more rapid than the drift rate, such 
as the 100 micro-volts in 6 seconds noted 
bv your correspondents may be safely 
attributed to the preparation or the elec- 
trodes. The correct attack on drift is I 
feel along the lines of the highly ingeni- 
ous correcting circuit used by Southern 
Instruments, Ltd. “The correcting cir- 
cuit thus provides a form of negative 
feed back which, while never completely 
cancelling the drift, reduces it by a factor 
approximately equal to the gain of the 
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pentode amplifier, which is 100 times.” 
(Quotation from catalogue.) 
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Volume control. An _ alternative ar- 
rangement, which is more linear, is shown 
in the figure above. 


Yours faithfully, 

H. ASHER, 
Physiology Dept., 
Birmingham, University. 


Maximum Bandwidth 

Dear Sirk,—The attainment of maxi- 
mum bandwidth in a television receiver 
depends largely on the sharpness of res- 
pense which can be obtained in the 
rejector coils for the associated sound 
channel. The effective Q of a coil when 
used for reception purposes may be in- 
creased by the introduction of a con- 
trolled amount of negative resistance. It 
does not seem to have been discussed 
whether this will not increase its effec- 
tiveness as a rejector circuit also. Some 
experiments with a superheterodyne 
vision receiver tend to show that it will. 

In this receiver the sound is picked out 
in the conventional manner from a point 
in the vision receiver LF. circuits. The 
sound receiver consists of one stage of 
LF. amplification followed by detector 
and two A.F. stages; the input tuned cir- 
cuit acting, in the normal way, as the 
first. sound channel rejector. This 
receiver originally showed a tendency to 
oscillate which was overcome by connect- 
ing a damping resistor across the 1.F. 
anode coil. Three effects were noticed: 

(1) Sound rejection was critically 
affected by variation of the anode, as 
well as the grid, tuning. 

(2) Increasing the value of the anode 
damping resistor, i.e., permitting a 
greater degree of feedback. increased the 
effectiveness of the sound channel rejec- 
tion. 

(3) Rendering the 1F. amplifier in- 

operative by cutting off the H.T. supply 
caused severe sound break-through in the 
picture circuits which could only be par- 
tially removed by readjusting the sound 
invut tuned circuit. 
The bandwidth of the vision receiver is 
over 3Mc/s. It is probable that many 
owners of superhet television receivers 
may already have the benefits of such 
reactive rejector circuits without knowing 
it, inasmuch as some degree of feedback 
in the “ peaked” circuits of the sound 
receiver is usually unavoidable. 


Yours faithfully, 
E. G. Harrison, M.Sc. 
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How to Write Technical Books 


By John Gloag. 159 pp. Allen & Unwin. 1950. 
Price 12s. ‘ 


HE title of this book explains its pur- 

pose. The author sets out to pass on 
the benefit of his own experience to 
others and most of the advice he gives 
is sound and practical. In effect, he takes 
the reader on a journey, in clearly de- 
fined, if somewhat illogical steps, from 
the moment a book or article is con- 
ceived to the day of its publication, and 
after; he warns against pitfalls and points 
out the stepping stones. 

The first chapter is merely a preface 
with the appropriate heading ‘“ They 
don’t want to read it”; this heading is 
a clue to the style used in the rest of the 
book. 

The second chapter tells the reader 
how to plan a technical book and gives 
examples from the author's files. It is 
in this chapter, however, that the reader 
begins to ask himself “What sort of 
technical books is this author thinking 
of?” The answer is given on page I! 
where he speaks of technical books for 
popular consumption. This explains the 
strange statement that “even a technical 
book may be influenced by the religious, 
political or economic faith of the author.” 
It also explains why the author 
recommends the would-be writer of a 
technical book to estimate the total 
number of words as the first step in 
planning. This would preclude the in- 
troduction of new ideas which inevitably 
occur as such a work proceeds. It is a 
doubtful assumption that an author can 
estimate the number of words in the 
planning stage just as an architect can 
estimate the number of bricks for a 
building. For the rest. this chapter gives 
valuable advice, and who could quarrel 
with the exhortation to refrain from 
using words where illustrations can do a 
better job ? 

The third chapter, entitled “ Say what 
you mean” is instructive and entertain- 
ing. It is modelled on Sir Ernest Gower’s 
“Plain Words”; it ends with the slogan 
“They don’t want to read it.” Well. 
why do readers buy technical books ? 

Chapter Four is a diversion and 
explains relationships between publisher 
and author. This chapter opens in a 
light vein. with amusing pen sketches of 
what each thinks the other looks like; 
the latter part contains useful informa- 
tion about contracts with publishers. 

In Chapter Five the author brings the 
reader back to the main road, and really 
gets down to the business of explaining 
the mechanics of writing: size of paper. 
margins, footnotes, illustrations and pre- 
liminary pages. The author quite rightly 
discourages footnotes; his arrangement of 
references, however, departs from 
accepted modern standards in that he 
quotes the title before the author. 

In Chapter Six we are turned into the 
by-road of book production. Emphasis 
is on type faces and the effect of 
different founts on layout of the printed 
page. 

Chapter Seven is also concerned with 
production, with bias on illustrations and 
the various ways of reproducing them. 
The examples shown are praiseworthy 
works of art, but bear little relation to 
illustrations normally associated with 
technical books and journals. 
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In Chapter Eight we are on the high- 
way again and near the end of the 
journey; the heading is ‘“‘ The Proofs and 
the Index” and the space devoted to 
these subjects is well used. A helpful 
chapter. 

Writers of technical articles, papers or 
reports will find much to interest them 
in Chapter Nine. Briefly, the formula 
is Introduction, Factual Material, Con- 
clusion. Obvious, but how few writers 
can apply it. This is the best chapter in 
the book. Budding authors would do 
well to read it twice. 


Chapter Ten is just a sidetrack sign-. 


posted the “Reform of Forms.” 
Colour brightens the author’s suggestions 
for improved forms, but he doesn’t 
explain how Government departments 
would justify the doubled cost of their 
production. 

The book is not a complete reference 
handbook for technical writers; it con- 
tains no tables, sub-headings (and in fact. 
discourages them); it give no guidance 
in the preparation of mathematical 
formule for the Press. 

A popular book by a popular author. 
Easy to read and understand, and delight- 
fully produced. An asset to those who 
write, or aspire to write, for the popular 


Press. 
J. W. GODFREY 


Quartz Vibrators and their 
Application 


By P. Vigoureux and C. F. Booth. Pp. 371, 186 
figs. H.M. Stationery Office. 1950. Price 30s. 


| would be misleading to quote the 
preface of this book and describe it as 
a revision of the earlier edition, “ Quartz 
Oscillators and Resonators,” published in 
1939. The immense. wartime demand for 
quartz crystals for radio frequency con- 
trol has led to very considerable advances 
in this subject since 1939. As a result, 
the scope of the present volume has been 
s> enlarged and modified that it may be 
correctly regarded as a new and valuable 
addition to the comparatively few books 
on piezo-electricity. 

The presentation is mainly made from 
a technological standpoint and as such 
the contents will be especially useful to 
the electronic engineer who is concerned 
with the use of quartz crystals for fre- 
quency generation and in selective net- 
works. In addition. the several chapters 
on the properties and processing of quartz 
crystals will be appreciated by those 
actually engaged on their production. 

Adequate attention has been given to 
the fundamental principles of piezo- 
electric phenomena without attempting to 
reproduce the completeness of treatment 
given by Prof. Cady in his standard work 
on “ Piezo-electricity.” In view of this 
abbreviated treatment, it is perhaps un- 
avoidable that the piezo-electric nota- 
tions used are not always precisely 
defined and that there is some confusion 
betwen matrix and tensor notations. 
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The various types and modes of vibra- 
tion of quartz crystals are fully described 
and the range of their application is 
indicated. There are useful chapters on 
drive circuits for crystal oscillators and 
on the specification and testing of the 
quartz elements. 

The importance of quartz vibrators in 
frequency standardization and for filter 
circuits in multi-channel carrier tele- 
phone systems is correctly emphasized 
and there is an interesting chapter on the 
employment of piezo-electric elements for 
ultrasonics. There is a_ concluding 
chapter which brings the book up to date 
on current developments. 

Numerous diagrams and _ illustrations 
are included, and the photographic plates 
are particularly good, although a few are 
more decorative than informative. The 
important crystal parameters are given in 
a number of tables, and some of the more 
specialized aspects of the subject are dealt 
with in five appendices. 

The importance of the subject covered 
and the general style and presentation of 
this volume make it an extremely valu- 
able book, bearing in mind particularly 
the price at which it is offered. 


L. A. THOMAS 


Transmission Lines and Filter 
Networks 


By J. J. Karakash. Pp. 413, 377 diagrams, 13 
tables. Ist Edition. Macmillan & Co., New 
York. 1950. Price 45s. 


HE book is divided into four main 

sections covering Transmission Lines, 
Transmission Networks, Elementary 
Filter Theory and Appendices. 

In the first section the Transmission 
Line equations are derived and developed 
along orthodox lines, involving only 
propagation constant and characteristic 
impedance. 

After a brief discussion of the primary 
line constants, short lossless lines are 
considered in the non-resonant and 
resonant condition. Impedance _trans- 
formation by means of lines and the 
uses of single and double stubs serve as 
an introduction to the use of the well- 
known Smith Chart. 

The general treatment is at a level 
intended for senior students, and the pre- 
sentation is simple and clear. 

It is interesting to see the increasing 
use by American writers of the matrix 
method of analysis of four terminal net- 
works. The method is introduced on 
page 66, developed further on page 119 
in connexion with composite transmission 
systems, and in Section 2 of the book it 
is used fairly consistently in dealing with 
transmission networks. 

In view of the fact that most of the 
material, in particular Tables 1, 2 and 3. 
has been taken direct from the origina! 
papers by the Germans, Strecker and 
Feldtkeller, it seems a little ungenerous 
that the reference to their work is so 
brief. Apart from this omission the 
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second section is comprehensive and well 
presented. 

Section 3 of the book is rather disap- 
pointing in that it deals with orthodox 
filter networks very thoroughly, includ- 
ing constant, k, m derived and double m 
derived sections; but has little to say on 
the design methods of Cauer and Bode 
and nothing to say on the more recent 
method of synthesis due to Darlington. 
This is to be regretted since Darlington’s 
work has been a great stimulus to net- 
work designers; apart from synthesizing 
insertion loss characteristics, this method 
has now been adapted to allow synthesis 
of phase characteristics and impedance 
characteristics. 

The book gives numerous problems 
which should be very valuable to 
students, and apart from the few omis- 
sions mentioned it is a book which can 
be heartily recommended for the student 
and the communication engineer. 


L. I. FARREN 


Electromagnetic Waves and 


Radiating Systems 


By - Jordan. Pp. 710 + X. Constable & 
Con, Tita. 1951. Price 32s. 6d. 


Yj general impression is that this is 
not so much a book as a course of 
instruction. The reason is, perhaps, that 
Professor Jordan has covered such an 
extended field—from the elementary 
equations of electromagnetism in M.K.S. 
units, through electromagnetic waves in 
a homogeneous medium, wave guides, 
radiated power, aerial impedance calcu- 
lations, the characteristics of practical 
aerials of many kinds for all frequencies, 
ground-wave propagation and the iono- 
sphere to the mathematical analysis of 
the propagation of electromagnetic waves 
in an ionized medium situated in a 
magnetic field—that a lesser author might 
well have filled at least three books with 
it Yet at every point the author 
“knows all the answers,” as exemplified 
by the note on p. 123 pointing out that 
in radio the “plane of polarization” is 
that containing the electric vector but 
in optics it is the plane of the magnetic 
vector, and the appendix distinguishing 
phase, group and signal velocities. In 
reading the latter part of the book, from 
Chapter 13 onwards, the reader who is 
familiar with the subject is constantly 
meeting old friends: Bennett, Coleman 
and Meier on broad-band aerial match- 
ing techniques; Schelkunoff’s treatment 
of bi-conical and cylindrical aerials from 
transmission-line theory; and Norton’s 
classic work on propagation over the 
earth’s surface. (It may still be neces- 
sary to consult Norton’s original paper 
because the data charts have been much 
reduced in size in reproduction.) But 
the fact that the latter part of the book 
is based on papers which have been pub- 
lished over the last 10 years is an in- 
dication of the real need which it 
meets: these are old friends to the 
experienced engineer, but it will be of 
great value to the student to have the 
information collected together. 

There are, however, a few minor 
criticisms. Its outlook is _ notably 
American in_ stressing the economic 
importance of the broadcast antenna 
(purely a product of U.S. broadcasting 
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policy and F.C.C. regulations) and 
reproducing a map of soil conditions 
within the U.S.A. There are also some 
blemishes in presentation. From an 
American author we must accept the 
statement that * ‘The unit of length is 
the meter,” but there is less excuse for 
referring to A. A. Pistolkors (whose 
aerial work was published in America) 

s “ Pisolkors” both in text and index, 
and for writing nabala instead of nabla 
for one of the names of the vector 
operator VY. Finally the author follows 
a certain school of American radiation 
works in writing * ‘H=curl A” whereas 
**B=curl A” has the authority of Jeans, 
Moullin, Mason and Weaver, and Harn- 
well, among authorities on_ electro- 
magnetism, and King and Aharoni 
among aerial experts. In M.K.S. units 
the two. statements are completely 
irreconcilable. 

None the less, this book contains a 
vast amount of information which is 
presented with meticulous accuracy and 
without shirking the mathematics of 
radiation and propagation problems. 

D. A. BELL 


Radio Technology 


By B. F. Weller. Pp. 413. 122 figs. 3rd Edition. 


Chapman & Hall, London. 1951. Price 3s. 


HE author of this book explains in 

his preface to the first edition (1943) 
that he is hoping to fill the gap in the 
literature of radio between the “popular” 
non-mathematical books and the more 
advanced and specialized treatises, a 
laudable objective but one which presents 
great difficulties. The greatest of these 
are to decide on how large a field is to be 
covered, and how the emphasis is to be 
shared between fundamental principles 
and practical applications. The author 
presumably has in mind the type of 
reader who will study the work con- 
scientiously but not have much experi- 
ence in the theory of the subject, and 
one quality that is specially essential in 
such a book is accuracy. This is the 
third edition of a book first published 
“some seven years” ago, but even so it 
still contains a large number of in- 
accuracies and confused statements. 

The ground covered includes some cir- 
cuit theory, valves, detectors, oscillators, 
voltage and power amplifiers, transmit- 
ters for telegraphy and telephony, micro- 
phones, receivers, an enlarged chapter on 
aerials and radiation and a new one on 
ultra-high frequency technique. It is 
doubtful whether a student of the stan- 
dard considered can form a clear over-all 
picture in his mind of such a wide range 
of subjects, and the author’s style makes 
his task even more difficult. He spends 
over-much time on spark transmitters 
and crystal receivers, repeats statements 
which have already been made, or even 
appears to contradict himself. A cata- 
logue of these confusions and errors 
would be tedious, but a few examples 
will show the general standard of the 
book. 

Fig. 14a is a “ Typical Circuit” of a 
“ Diode as Signal Rectifier,” but nearly 
200 pages later the student is told that 
this “ ge _— is rarely employed 
today” (p. 2 
_ On the st ‘(p. 329) we find ‘“ There 
is no direct physical evidence for the 
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CHAPMAN & HALL 


THE 
OXIDE-COATED 
CATHODE | 


(Vol. Il - PHYSICS) 





by 
G. Hermann, DR.ING. (Berlin) 
and 
S. Wagener, D.PHIL. (London) 
320 pages 154 figures 42s. net 





Uniform with the above: 
Vol. I- MANUFACTURE 


160 pages 78 figures 2/1s. net 


THEORY AND DESIGN OF | 
VALVE | 
OSCILLATORS | 


For Radio and Other Frequencies 


by 

H. A. Thomas, 

D.SC., M.I.E.E. | 

Second Edition, Revised and Enlarged | 
336 pages 157 figures 36s. net 
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@ TELEVISION IN BRITAIN 
by S C. Hewward, B.Eng., A.M.1.E.E, 


@ SPONSORED v. 
STATE TELEVISION 


by C. O Stanley, O.B.E. 


@ ELECTRONICS IN HEAVY 
INDUSTRIES 


by W. Wilson, D.Sc., M.!.E.E. 


Also. by leading authors: Marine 
Equipment, Radar in War and Peace, 
Microwave Physics, Electronics in Industry, 
Atomic Energy Control, Testing and 
Measuring, Education and Training... 
All included in the first edition of the 


APPLIED ELECTRONICS 
ANNUAL Edited by R. E. Blaise, 
A.M.Brit.I.R.E. 


Together with a WORLD DIRECTORY of 
Manufacturers, Distributors of Radio 
and Electronic Apparatus and Component 
Parts, List of Trade Marks and classified 
Buyers Guide. 


PRICE £2 POST FREE 
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BOOK REVIEWS (Continued) 


existence of ether, but it is unreasonable 
to suppose that wave motion can exist 
without some medium capable of vibra- 
tion. Many theories have been put for- 
ward assuming various properties for the 
ether of space, but so far it remains 
purely hypothetical, and, in fact, most 
modern physicists deny its existence.” 

Chapters III and IV deal with diode, 
triode, screen-grid and pentode valves, 
but it is not till the last paragraph of 
Chapter V on “Power Amplifiers” that 
the “ Beam Tetrode” appears. A para- 
graph on page 214, dealing with direc- 
tional properties of microphones, can at 
best te described as misleading. 

On more specific points, ‘“ Kirchhoff’s 
First Law is concerned with parallel cir- 
cuits, and states—” and “ Kirchhoff’s 
Second Law is for series circuits, and 
may be stated—” (p. 2) suggest an un- 
necessary restriction on their application. 

In Fig. 79c, “ Envelopes of Modulated 
Waves,” that shown for 100 per cent 
modulation looks like the beat of two 
equal-amplitude waves, and is not the 
condition for 100 per cent modulation 
by a pure tone, as is implied by the text. 

On the subject of band-pass filters, the 
student will almost certainly get the 
impression that any pair of identical 
coupled circuits gives a double-humped 
frequency response, while in the ex- 
planation of wave-guides we find (p. 403) 

. aS we have seen, the phase differ- 
ence between the currents in a reflector 
and in an aerial always corresponds to 
the physical spacing between the ele- 
ments.” 

If space permitted this catalogue of 
short-comings could be extended, and 
when to these are added sundry mis- 
prints it is seen that this is a book to 
be avoided by any inexperienced student 
who has not a tutor to guide him, though 
with such assistance the numerous prac- 
tical illustrations could be valuable. 

The printing and binding are to 
Messrs. Chapman & Hall’s usual high 


standard. 
C. R. G. REED 


Survey of Modern Electronics 


Ry Paul G. Andres. Pp. 522. ist Edition. John 
Wiley & Sons, Inc., New York, and Chapman & 
Hall, Ltd., London. 1950. Price 46s. 
BB nas author of this—yet another— 

book on electronics claims to have 
written a text book for a short course 
for mechanical, chemical and industrial 
engineers. The treatment is mainly des- 
criptive and the principles of operation 
of the various types of tube are dealt 
with in a popular and_ elementary 
manner. A ok survey of the chapter 
headings shows a conventional order; the 
eleven chapters are devoted to basic 
principles, diode, triode, multigrid tubes, 
special tubes, gas tubes, phototubes, in- 
strumentation, communication, controls 
and high frequency heating. Closer 
examination of the subject matter shows 
that the main characteristic of the book 
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is the constant interjection of practical 
applications among the principles. For 
example, the first chapter deals with 
Basic Concepts and Current Conduction; 
yet it contains a section on germicidal 
lamps, including four photographs of 
micro-organisms, illustrating the effect of 
treatment with a “Sterilamp.” The same 
chapter gives particulars of several single 
and three phase rectifier circuits, and, 
among other things, discusses cathodic 
protection, galvanized iron and the atomic 
bomb. All this is, of course, deliberate 
and occurs throughout the whole book. 
The author claims thereby to arouse and 
maintain reader interest, and at the same 
time to indicate some of the capabilities 
of electronics. The claim is no doubt 
justified. Stimulation of interest in elec- 
tronics is relatively easy; inculcation of 
sound basic principles is much more 
difficult. If the constant emphasis on 
practical illustrations does achieve a 
better understanding of principles, then 
this book should be successful. On the 
other hand, some readers may find the 
sudden changes disconcerting; certain 
sections read almost like a dictionary, 
without the advantage of alphabetical 
arrangement. 

The book is profusely illustrated with 
line diagrams and half-tone photographs. 
Each chapter has a collection of exer- 
cises and a list of references to American 


publications. 
M. R. GAVIN 


The Quarterly Journal of Mechanics 
and Applied Mathematics 


Volume III, No. 4. (December 1950.) 
University Press. Price 12s. 6d. 
fim: issue contains a complete solution 
by Prof. A. T. Price of the theory of 
the induction and free decay of electric 
currents in a semi-infinite conductor with 
a plane boundary. There are two types 
of elementary solution, one where there 
is a magnetic field outside a conductor, 
the other where there is no field outside. 
An interesting point in connexion with 
the first type is that the induced currents 
in the conductor are always everywhere 
parallel to its surface. Many examples 
are given to illustrate the application of 
the general solution. Another paper by 
S. Jones is concerned with the singu- 
larities of current and charge at an edge 
caused by the diffraction of light by edge. 


G. J. KyNcuH 


Oxford 


The Quarterly Journal of Mechanics 
and Applied Mathematics 


Vo'ume IV, Part I. (March 1951.) 
University Press. Price 12s. 6d. 
p  beged from some developments of 
the theory of induced currents, which 
was mentioned in the review of the pre- 
vious issue of the journal, the only paper 
on electrical theory is one on the resis- 
tance of a rectangular plate with an 


Oxford 
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internal electrode, the other electrode 
being the boundary. A _ paper of an 
intriguing type is an application of the 
princip‘e of virtual work. If a bridge or 
other structures is repeatedly subject to 
heavy loads causing plastic deformation, 
the regions of plastic flow may increase 
in size until the whole thing breaks up. 
It is intriguing to learn that it can te 
proved that if it does not crack up 
under a particularly devised load which 
result in one set of residual moments, 
then it will never break up under any 
other loads which leave a different set! 
G. J. KyNcu 


Practical Wireless Encyclopaedia 
By F. J. Camm. 12th Edition. 360 pp., 554 
diagrams. George Newnes Ltd. 1951. Price 21s. 

HE twelfth edition of the “ Practical 
Wireless Encyclopaedia ” incorporates 
recent developments in the field of radio, 
and obsolete matter published in eleventh 
edition has been deleted. 

New sections deal with the following: 
radar, television, remote control, oscil- 
lators, Kirchoff’s laws, photo-electric 
cells, a new series of modern circuits for 
receivers and amplifiers, automatic station 
selection, car radio, electron multipliers, 
quartz crystals, amateur transmission, 
fault finding, building a television re- 
ceiver, new colour codes, aerials, meters, 
table of short wave stations, new valves 
and the officially approved service terms. 

The book has been re-set and re- 
illustrated throughout. 


The Radio Amateurs’ Handbook 
608 pp. 28th Edition. American Radio Relay 
League. 1951. Price $3.00 in U.K. 

HE 28th Edition of this handbook is 

very similar to those of previous 
years; it has, however, been revised and 
the technical information has been 
brought up to date. 

Two new chapters have been added. 
The first of these deals with the design 
and construction of  single-sideband 
suppressed carrier radiotelephone trans- 
mitters, while the second deals with 
mobile techniques, with special reference 
to shortwave convertors for use with 
standard car radios. 

The section dealing with valves, has 
also been revised, and data is given on 
most of the valves at present in produc- 
tion in the U.S.A. up to an anode dis- 
sipation of 500 watts. Details of klystrons 
and cavity magnetrons are also included. 


A Magnetic Tape Recorder 
By K. A. Cheeseman. 63 pp. Bernards (Pub- 
lishers) Ltd. 1951. Price 3s. 6d. 

AGNETIC recording has now come 

within the scope of the home con- 
structor, and this small book has been 
written for his benefit, covering prin- 
ciples, design and construction. 

The recorder described in this book 
was designed under home workshop con- 
ditions, so that all parts, with one excep- 
tion, were made without. any specialized 
tools. The prototype is described in 
detail, but the author gives sufficient 
information for modifications to be made 
for individual requirements. 

The book is carefully written, and con- 
tains clear diagrams to help the con- 
structor. 


SEPTEMBER 1951 











554 
Is. 


les 


iS- 


1¢€ 
n- 
-n 


yk 
n- 
p- 
in 
nt 
le 


n- 
n- 





THE MANCHESTER UNIVERSITY 


High speed Electronic 
Digital Computer 





Made by Ferranti Ltd. for the University of Manchester 
(Inaugurated Fuly 9, 1951) 


This machine will add up a column of 1000 
numbers, each of the order of 10!* in one second, 
and will multiply two such numbers in 2.6 milli- 
seconds. It accepts input on teleprinter tape at the 
rate of 200 characters a second, and prints out its 
results on a teleprinter. It has a main memory for 


Ferranti Ltd 


FERRANTI LTD. MOSTON MANCHESTER IO AND 36 KINGSWAY LONDON W.C.2. 


SEPTEMBER 1951 


150,000 binary digits on a magnetic drum, which 
will ultimately hold 600,000 binary digits, and has a 
high speed memory on cathode ray tubes which hold 
10,000 digits. (This is a William Tube Memory.) 

Ferranti Ltd. are now in a position to discuss future 
applications of these machines. 
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NATIONAL PHYSICAL LABORATORY 
REPORT 


ON TESTS OF TRANSFORMER (Marked: Lab: Output, Series II) 


Tested for : Vortexion Ltd., 257 263 The Broadway, London, S.W.19. 





The series resistance and inductance of the primary winding, with the secondary winding . 
open-circuited, was measured at 50 cycles per second with 5 and 20 volts applied. 
The room temperature was 19°C. The results are given in Table |. 


TABLE | 


Primary Resistance and Inductance at 50 c/s 


Voltage Resistance: Ohms Inductance: Henries 
5 4 700 95 
20 7 900 142 





The series resistance and inductance of the primary winding with the secondary winding 
short-circuited, and of half the primary winding with the other half short-circuited were 
measured at 1,000 cycles per second. About !0 volts were applied. The results are 
given in Table Il. 


TABLE Il 
Resistance and Inductance at 1,000 c/s 


Connections Resistance: Ohms Inductance: mH. 
a) Serr 495 5.3 
gy AO 222 5.3 


Date : 2nd June, 1951. Reference : E.475.100. 





This Laboratory Model Transformer Series II easily permits 
6 db more feedback with complete stability than the maximum 
of our Series | which Mr. D. T. N. Williamson described. 


Available for Export only. 


VORTEXION LTD. 


WIMBLEDON — ENGLAND. 


Telephones: LiBerty 2814 and 6242-3. 


Telegrams: ‘‘ Vortexion, Wimble, London.” 


“ 
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OUTPUT CURRENT CHARACTERISTIC 
AND TERMINAL ARRANGEMENT FOR 
TYPE 5O-A TRANSFORMER 


CONTINUOUS 


OUTPUT VOLTAGE 





CONTINUOUS OUTPUT CURRENT— AMPERES 





160 
OUTPUT VOLTAGE 





AlN ae:Ven voltage —-regulating 


transformer 


























OUTPUT CURRENT CHARACTERISTIC 
AND TERMINAL ARRANGEMENT FOR 
TYPE 5O=B TRANSFORMER 
























































SPECIFICATIONS 
Type Loap INPUT CURRENT Output No-LoaD Net PRICE 
RATING VOLTAGE RATED MAXIMUM VOLTAGE Loss £s. d.* 
$0-A 5 kva. WS v. 40 a. 45 a. 0-135 v. 65 watts 44 18 6 
50-B 7 kva. 230/115 v. 20a 3 a. 0-270 v. 90 watts 44 18 6 








* All *“VARIAC” prices Plus 10% as from Ist JUNE 1951, 


SERIES 50 “VARIAC” TRANSFORMERS 


With a “ VARIAC,” voltages are 
instantly and minutely adjustable from 
O-Line Voltage. On some patterns, 
such as 50-B, there is even an “ over- 
voltage ’’ feature. This can provide 
over line voltage or compensate for 
low lines. See curves and input and 
output connections, shown above. A 
very special application for this large 
transformer is operating them in 
3-gang assembly on 3-phase work. A 
3-gang 50-B will control 21 Kva. Many 
other suggestions on the use of 
‘““VARIAC ” Transformers are con- 
tained in Catalogue V549 which will 
gladly be sent on request. 






180 Tottenham Court Road, London, 





TYPE 50-B 





ELECTRICAL AND RADIO LABORATORY APPARATUS, 
W.1, and 76 Oldhall Street, Liverpool, 3, -Lancs. 





ETC. 
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Intensive development of electrodes, 
dielectric and processing now provides 
a new and greatly improved Hunt-Ingram 
Capacitor —the MARK 5l. 

In this latest type, the power factor has 
been reduced to a limit not exceeding 
0.1%; as a result the R.F. loadings can 
be increased by approximately 100%. 


Among the many applications are:— 
HF. Heating (blocking and bypass); 
High Altitude Airborne Service ; 
Delay Networks in Pulse Circuits ; 
Radio Transmission ; 

Voltage Dividers and Stabilising Units. 


They are particularly useful in 
High Voltage and Power R.F. 
equipment. Full information is 
freely available and enquiries are 
invited from designers. 





TYPE M20 13” x 63” R.F. loading 140 kVA. 
: 5000-10000 pf. 10 kV. Pk. Wkg. 
Ea 1000—3000 pf. 15 kV. Pk. Wkg. 


TYPE MIO 63” x 63” R.F. loading 70 kVA. 
s 500—2000 pf. 15 kV. Pk. Wkg. 


TYPEMS 63”x3i” R.F. loading 35 kVA. 
150 — 500 pf. 15 kV. Pk. Wkg. 


3 
+ 


R.F. loading ratings are at 
room temperature (15-20°C.) 


REGISTERED 


Meet us at Stand No. 95 
THE RADIO SHOW 
EARLS COURT 
AUG. 29—SEPT. 8 





CAPACITORS 


THE TRADE MARK OF RELIABILITY 





A. H. HUNT LTD - WANDSWORTH 


ELECTRONIC ENGINEERING 


- ENGLAND - ESTD. 1901 Tel: BATtersea 3131 
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SPECIAL DUTY SERVO MOTORS FOR 
F.H.P. MOTORS 
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ELECTRONIC CONTROL 
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° FBS 
9 25 aeS 
‘ N N ae 
7 
9 Al STALLED 
- TEMPERATURE 
a 4 RISE 55°C 
10 N 
FQ a le 
—— Motors may be supplied 
—— q with a limited range of 
0 1000 2000 3000 4000 5000 6000 7000 8000 3000 D055 alternative Armature and 
SPEED RPM Field Windings. 


F.B.3 and F.B.4 Motors, 
fitted with Integral Field 
Surge Suppressors. 








MOMENT BRUSH & Shafts Plain or D.P. Spline. 
FRAME OF BEARING la 
SIZE INERTIA FRICTION AMPS All Motors rated for a 
OZ. INS? OZ. INS. stalled temperature rise 
of 55°C. 
F.P. 0.5 0.5 0.25 
peor 0.75 0.5 0.33 
F.A.I 1.8 0.5 0.75 Send for the Evershed Small 
F.B.4 22 1.0 1.5 ‘ 
F.B3 22 10 3.0 Motors’ Data Book, EE 22. 




















EVERSHED AND VIGNOLES' LIMITED 


ACTON LANE WORKS * CHISWICK *: LONDON ° W4 
Telephone: Chiswick 3670 Telegrams: Megger, Chisk, London Cables: Megger, London 
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from every 
point of view 


‘Frequentite’ is the most suitable insulating material for all high frequency 
applications. Seventeen years ago we introduced the first British-made 
low-loss ceramic, and consultation with us before finalising the design of 
new components is a wise precaution. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Head Office: Stourport-on-Severn, Worcestershire. Telephone: Stourport I11. Telegrams: Steatain, Stourport 
S.P.77 
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SELF-ALIGNING 
FLOATING ROTOR 


DUAL CONTACT SURFACES 
ENSURE LOW CONTACT RESISTANCE 
THROUGHOUT LONG LIFE 


FIXED CONTACTS OF SPECIAL 

SPRING ALLOY, HEAVILY 

SILVER-PLATED AS STANDARD; 

SILVER ALLOY AVAILABLE IF 
ft REQUIRED 


SINGLE OR MULTIPLE 
WAFER CONSTRUCTION 


HIGH GRADE S.R.B.P. 
OR LOW-LOSS CERAMIC 
INSULATION 


INSIDE 


INFORMATION 


—about the switch 
that is superior 


*OAK’ switches—both rotary and push 
button types—are embodied in the majority of 
British radio receivers. 


Throughout the radio world, the time- 

tested basic ‘OAK’ principles are recognised 

and acknowledged as superior. They form 

the basis for the standard inter-service wafer 

type switch to Specfication RCS.151 of the Radio Com- 

ponents Standardisation Committee. 
The new miniature types, embodying all 
‘OAK’ basic features, bring the range <tr Hanmer sppancs athe Carbon an 
available in line with today’s requirements faite: apetiaaiiete. 
for miniaturised equipments, 


AK swirenes ® 


SOLE LICENSEES OF OAK MANUFACTURING COMPANY, CHICAGO 
Licensees of Igranic Electric Co. Ltd., for above products of Cutler-Hammer Inc. Milwaukee, U.S.A. 


Other N.S.F. Products include: 


N.S.F. LIMITED, KEIGHLEY, YORKS. London Office: 9 Stratford Place, W.I. Phone: MAYfair 4234 
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FALKJAND if Y, ¢ >: Vaud fd 


‘ ‘ 
‘ ‘ 


EXPEDITION 
AVO' INS TRUMENTS 


sein rate anne Nate inetanett tain ohne RR ANON I ARERR RIT. 


First of its kind in Polar history, 
the Norwegian-British-Swedish Antarctic 
expedition is spending 2} years far beyond 
the ice-girdled coasts of a region where 
man has not hitherto set foot. A primary 
aim of the explorers, who are fully equipped 
for scientific research, will be a complete 
meteorological survey which may show why 
the world is growing warmer. 


es 
Bintbomand pO te 


es 


ROSS 
DEPENDE 


Radar is included in the modern survey- 
ing apparatus, and at the request of Mr. 
G. de Q. Robin, the British party’s 
Australian Radar expert, we have provided 
an ‘‘ Avo”’ Electronic TestMeter and two 
Model 7 Universal AvoMeters. We are 
honoured that ‘‘ Avo’”’ instruments have 
been chosen for such important work under 
conditions so exceptionally execting. 


EO a ae cia a 
nn ee oe, 


See us at the 
RADIO SHOW 


Stand 
No. 


Earls Court, 
London. 


Aug. 29—Sept. 8 i 


MODEL 7 UNIVERSAL 
AVOMETER The AVO 
The world’s most ELECTRONIC TESTMETER 


widely used combina- a Robust and portable, 
tion electrical measuring ; - a . . this is a 56-range 
instrument ; it provides = 5 3 . aie instrument combining 
$0 ranges of readings ‘ " the sensitivity of a 
(current, voltage, ; } delicate galvanometer 
resistance, capacity, f with the sturdiness of 
power output and an ordinary multi-range 
decibels) on a §-inch hand-calibrated meter. Basically a 
scale. An automatic overload cutout highly stable D.C. Valve Millivoltmeter, 
safeguards it against misuse. It is it can be quickly set up for any test 


compact, portable and self-contained 
and the small power consumption 
(the total resistance of the instrument 
is 500,000 ohms) makes this meter 
particularly suitable for all radio and 
electrical testing. 


Weight: 6} toss” £19: 10s. 


requiring accuracy and negligible load- 
ing on the circuit. A well-designed 
H.F. probe enables readings to be made 
at frequencies up to 200 Mc/s. Operates 
ry Yast 30V. and 200-260V., 50-60 c/s 


Size: I24hin. x 9in. x 5hin. 
Weight: 124 Ibs. ' £40 


PRECISION ELECTRICAL TESTING INSTRUMENTS 


Fully descriptive pamphlets on application to the Sole Proprietors and Manufacturers 


She AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LTD. 
WINDER HOUSE*+ DOUGLAS STREET * LONDON®*$.W.1 Fe/ephone: V/CTORIA 3404/9 
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They still are to our 
technical staff but 
present conditions 
are giving our pro- 
duction Manager a 
nasty headache—the 
‘fun’ therefore must 
be confined to priority 
jobs for the time being. 


vanes GAVAGE Sip DEVIZES, og 


“mite? 


SAVAGE TRANSFORMERS LTD. NURSTEED RD., DEVIZES, WILTS. 











“SINTREX’ 
BRAND 


Its exceptional purity 
makes it especially suit- 
able fer electrical and 
magnetic applications. 
Supplied in a wide range 
of mesh gradings. 


GEORGE COHEN 


SONS & CO. LTD 


BROADWAY CHAMBERS fin LONDON - - - W6 
TELEPHONE aque RIVERSIDE 4141 














WIDE RANGE 
NAGARD TYPE 103 
OSCILLOSCOPE AND 

WAVE FORM MONITOR 


NOW IN CONVENIENT FORM. A_ VERSATILE 
AND ACCURATE RESEARCH TOOL FOR THE 
PROBLEMS OF TODAY AND TOMORROW. 


See TRULY what you measure ! 





D.C. AMPLIFIERS in three ranges and TIME BASES 
in two ranges enable the accurate display of an infinite 
variety of WAVE FORMS. 


HIGH SPEED MODEL comprises :— 
SWEEP SPEEDS up to 55 mm. per y sec. 
RISE TIMES up to 0.04 yu sec. 


LOW SPEED MODEL comprises :— 
SWEEPS from 50 mm. per sec. to 50 mm per 10 pe sec. 


Y AXIS SENSITIVITIES of — 


5 mm. per mV up to 2 Me/s, or 
75 mm. per mV up to 20 Ke/s. 


NAGAR 


ORES 1 > 
245, BRIXTON ROAD, LONDON, S.W.9. 


Phone ; BRixton 3550. Grams ; Intertel, Claproad, London. 














EE/5§17/IP20 
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equipment “for : | 


was wai 


12 kw SOUND inne, 





as. kW VISION TRANSMITTER 
HIGH POWER AND LOW POWER CONTROL DESKS 


STACK D 
OlPOLE HIG 
H-GAIN o 
A MNI-D} 
ERIAL Ff DER system RECTION AERIAL ARRay 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD - MARCONI HOUSE - CHELMSFORD . ESSEX 


__ BANS & JINSUILAINEID 
_ IRIBSUISTAANG) WWIRIES — 


Eureka tress) and Nickel-Chrome 


yum POWER VISION " 


D 

5 kw ME 
TR 

ym POWER sOUND I", 


2 Kw MED! 


























‘Eureka’ (Regd.) and Nicke!-Chrome Resistance Wires can be supplied BARE 
or with STANDARD COVERINGS of cotton, silk, rayon, enamel and glass. 


These wires have been used for many years for winding resistances for instru- 
ments, control apparatus, etc. 


‘Eureka’ with its low temperature coefficient is always in demand for pre- 


cision work, while Nickel-Chromes are used where a high resistance is 
required in a limited space. 


Full details gladly supplied upon request — please address your enquiries as follows : 





INSULATED WIRES BARE WIRES 


THE LONDON ELECTRIC WIRE COMPANY VACTITE WIRE COMPANY LTD. 


AND SMITHS, LIMITED 75 ST.SIMON STREET, 
LEYTON, LONDON, E.10. SALFORD 3,LANCS. 
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THE LEADING M | C e O p ee 0 Ni 3 MANUFACTURERS 


CONTRACTORS TO for MICROPHONES 
telecommunication 
BRITISH AND OVERSEAS equipment MICROTELEPHONES 
GOVERNMENTS e 
TRANSFORMERS 
x : broadcasting services 
> = * ® MIXER UNITS 


public address 


ELECTRONIC EQUIPMENT AUTOMATIC GAIN 


systems 
BUILT TO ‘i CONTROL UNITS 
SPECIAL REQUIREMENTS recording units STANDS 


USTRA PHONE 82-84 BELSIZE LANE, LONDON, N.W.3. 
Telephones : HAMpstead 5515 and 5389. 


BALDWIN 


VACUUM CELL 
PHOTOMETER 


with Transmission and 
Reflexion Density Attachments 











(A.C. mains operated) 


ILLUMINATION ... The instrument has three ranges: 0.1, | and 100 millilumens. Photo cells available are :— 
Type A ..- Maximum sensitivity in the blue. 
Type S ... | Wide visible sensitivity. 
Type UV... Quartz cell, ultra violet from 2600—3000 A.U. 
Type KMV6... For highest accuracy in precision photometry. 


TRANSMISSION DENSITY The transmission density attachment reads densities from O—3 with an accuracy of 0.01 and from 
3—4.5 with an accuracy of 0.1, using a j;-in. diameter aperture. With a j-in. diameter aperture 
the range 0O—4.5 is covered with an accuracy of 0.01 and the range 4.5—6 with an accuracy of 0.01. 


REFLEXION DENSITY .... The reflexion densitometer attachment uses a light spot 0.1-in. diameter, illuminated at an angle of 45°. 


Write for leaflet 117 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Telephone : DARTFORD 2989 & 2980 
Our Northern Agents are : F. C. Robinson & Partners, 287 Deansgate, Manchester, 3 
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li~ PRECISION SELECTION 





In the U.H.F. Signal Generator, TF 762C, 
more than five feet of continuous scale provides 
exceptional discrimination and accuracy over 
its entire range (300-600 Mc/s) and allows casy 
handling in this traditionally difficult band. 
Effective also are the many other features 
which contribute to the excellent performance 
of this Marconi instrument. With a maximum 
output of 1mW into 75 ohms the level is variable 
by piston attenuator over 100 db. Internal 
pulse and 50-50 squarewave modulation at 
1000c/s are incorporated together with an 
externally available synchronising signal and 





provision for external modulation. 





MARCONT instruments 


MARCONI! INSTRUMENTS LTD., ST. ALBANS, HERTS. TELEPHONE: ST. ALBANS 6161/7 





London Office: Marconi House, Strand, W.C.2. Midland Office: 19 The Parade, Leamington, Spa. Northern Office: 30 Albion Street, Hull 





sidgee 


LET 
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THE INSULATOR 


GLASS BONDED MICA. 
The nearest to a perfect insulator. Complies generally with 


B.S.S. 488, 737, 738, 1540,1598, etc. 








Supplied to customers’ requirements as rods, sheets and 
mouldings of any shape. 


NO shrinkage after moulding. Metal inserts incorporated 
during moulding process. 


FOR RADIO AND ELECTRONIC EQUIPMENT 
INSULATION—Low loss at H.F.—Power Factor between 
.0005 and .0015 for different grades—Very high S. and V. 
resistivity—Permittivity between 6 and 9 for different grades— 
Electric strength 550 V. per .001 inch. 


FOR POWER FREQUENCY EQUIPMENT INSU- 
LATION—Arc resistant — Non-tracking. For Arc shields 
— Switch Gear — H.V. Tension and compression insulators 


and Brush Holders, etc. 

Oil and Water absorption nil. Maximum working temperature 
400°C. 

Also manufacturers of H.V. Capacitors, Heater Panels and 
Thermostats. 


MYCALEX CO. LTD. Ashcroft Rd., Cirencester 


London Office: 85, Gracechurch Street, London, E.C.3. 


Contractors to H.M. Government and Service Departments. 
A.LD. Approved. 


Telegrams and Telephones ; Cirencester 400 (3 lines). 





The Coupling Coil of a 200 KW Transmitter shown, is held to correct pitch and alignment 
by means of MYCALEX clamps as indicated by arrows. 








SOUTHERN 


HAWLEY, CAMBERLEY, SURREY. 
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OSCILLOGRAPHS 
FOR ALL PURPOSES 


ments. Write for our new catalogue. 


INSTRUMENTS LIMITED 


Telephone: Camberley 1883/4. Telegraphic Ajdress ‘* Minrak, Camberley, England.” 
P 514 
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The ME24 Type illustrated has F.M. Pre- 
amplifiers for capacity pick-ups, D.C. Pre- 
amplifiers for strain gauges, two recording 
tubes with a built-in recording camera, a large 
monitor tube, a time-base and a time-marker 
oscillator. This is a high-quality instrument 
capable of making a wide range of measure- 








° 


/] 


TYPE 
T2001 


H.W. SULLIVAN B® 
LONDON 


SERIAL we 
1480/1950 








A NEW SULLIVAN SUSPENDED COIL 
PORTABLE GALVANOMETER UNIT 


- « « which may be supplied alone or boxed complete 
with scale, illumination (with mains transformer) and 
novel scale magnification. 


The unit is exceptionally well constructed and reliable in 
performance and is completely enclosed within a 
draught and dust-tight bakelite case measuring only 
8 cm. by 4 cm. by 12 cm. high. When boxed as a complete 
measuring system it measures only 26 cm. by I7 cm. by 
15 cm. 


These Galvanometers are also available as direct reading 
Millivoltmeters, Microammeters and Ohmmeters. 


CHARACTERISTICS OF SINGLE REFLECTING 
GALVANOMETERS TYPE /S 


























' Galvo =| Period Sensitivi 
List No. — | Hate | pong = - 
T2001/S | 60 | 2 80 
T2002/S 60 1.5 40 
T2005/S 36 2.5 80 
IVAN Pig : 
H ° WwW. S U ii a T2007/S 150 2 140 
T2008/S 500 310 
LIMITED 
The use of double reflecting/D, or optical magnification 
LON DON ’ $.€£.15 /M types increase the above sensitivities by x 2.3 and 
x 7.5 respectively, without increasing the box dimen- 
Telephone: New Cross 3225 (P.B.X.) sions. 











Available us Moving Coil Recti- 
fier, Moving Iron and Dynamo- 
meter and conforming to BSS 
standards. 


MEASURING 


Electrin Works, Winchester Street, W.3 - 


PULLIN 


INSTRUMENTS (PULLIN) LIMITED 








The excellent damping system 
employed in the construction of these 
instruments ensures a rapid response 
and dead beat}pointer action. 


Designed to meet the exacting 
requirements of supply undertakings 
and research. departments, Pullin 
Portable instruments are rapidly 
becoming standard equipment for 
test-bed use. 


The accuracy of Pullin instru- 
ments is unaffected by extraneous 
magnetic fields and fully compen- 
sated against normal variations in 
ambient temperature. 


PORTABLE 
INSTRUMENTS 


8 © < - - Telephone: ACOrn 4651 
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The basis 
of world 


standards 


LCON « CABLES 





Technical excellence supported by constant research and an 
unrivalled knowledge and experience of Radio Frequency 
Cable applications, ensures the continuance of the lead estab- 
lished by TELCON in the Radio Frequency Cable field. 


Even before the introduction of Telcothene* as a cable 
dielectric, an application pioneered by TELCON, a range 
of Radio Frequency cables with unique capacity and 
attenuation characteristics was produced, using Telcenaz. 


Today, developments are still going on and the solution 
of any problems involving the application of Radio 
Frequency cables will be found in the wide range manu- 
factured by TELCON. 


* Telcothene ( Regd.) — Polythene processed by 
Telcon to provide specific characteristics. 





THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 
Head Office: 22, OLD BROAD STREET, LONDON, E.C.2. Telephone: LONdon Wall 7104 


Enquiries to TELCON WORKS, GREENWICH, S.E.10. 


Telephone : GREenwich 3291 


Founded 1864 








The 


Man-hours cost money — so does )) 











et it pays you back — by saving them! 


tS 292 HIGH HOLBORN , LONDON ,W.C1. 
<4 TELEGRAMS: SPENKLIN,HOLB, LONDON 


Ten per cent can be easily saved by 
oe Hydraclamping ’”» your radio assemblies for production line build up, also for in- 
spection, maintenance and in the research laboratory. Our catalogue will show you how. 


SSPENCER FRANKEIA LID, 


TFL: HOLBORN 1436/7 ° 
. CABLES: SPENKLIN LONDON 
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Fortunately there is always Mumetal 
to get designers out of tight corners — and 
corners are getting pretty tight these days! 
Mumetal is the Telcon nickel-iron alloy with 
exceptionally high permeability and extremely 
low loss and coercivity. 


SHIELDING. Shields and screening boxes made from Mumetal 
sheet are many times more effective than any other shielding 
material of similar thickness. An infallible remedy for low 
frequency induction troubles in compact (amplifier) 
assemblies. 


MINIATURE COMPONENTS. Really diminutive yet efficient 
transformers and inductors are now possible, thanks to 
cores made of Mumetal or in special circumstances Its 
companions, Radiometal and Rhometal. 









ARMATURES. Low coercivity and rapid magnetic response 
make Mumetal ideal for the armatures of relays, solenoids, 
moving-iron meters, gramophone pick-ups, etc. 


FORMS. Mumetal is available in sheet, strip, rod or wire; we 
also produce standard shields to fit all C.R. tubes and 
transformers. It is ductile, can be stamped cleanly, drawn or 
rolled; non-scaling, does not rust. 


For full design data, ask for our 95-page book, “ Telcon Metals.” 






TELOW 
THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 


Founded 
1864 


Head Office : 22 Old Broad Street, London, E.C.2. Tel: LONdon Wall 7104. Enquiries to: Telcon Works, Greenwich, S.E.10. Tel: GREenwich 3291 








Test and adjust TELEVISION independent 


of B.B.C. Transmissions. 








rN 
C waveforms ) 


PRODUCT 


PRICE: £55 Net. Single Channel model 
(London, Midland or Northern Frequency) £48 
Net. 


Meet us at THE RADIO SHOW, EARLS 
COURT, London, Aug. 29 — Sept. 8. Stand 34. 


on ALL Frequencies with 
the new Radar ‘ 5-Channel 
Video and Sync. Generator 


For television engineers, whose services cover more than 
one transmission area, Waveforms Ltd., now introduce an 
instrument which provides a fully synchronised test 
pattern together with simultaneous sound on all B.B.C. 
Frequencies. A three-position attenuator is incorporated 
giving outputs of 10 mV, 1 mV and 100 microvolts, 
equivalent to local, medium and distant signal conditions. 
The inclusion of this inexpensive instrument in the 
servicing equipment of retailers service departments 
ensures a full 8-hour working day for all engineers now 
handicapped by the inadequacy of the 


present B.B.C. Test Transmission periods. P| 





Send to-day for full technical details to : vig 


WAVEFORMS LIMITED, 26 Oakleigh Rd., New Southgate, N.I1. Telephone: ENT 5967. (Zar FaTEST) 
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] <= EQUIFLEX 


THE ALL-METAL SPRING MOUNTING 










@ EQUAL FLEXIBILITY 
IN ALL DIRECTIONS 


@ CAN BE LOADED IN ANY DIRECTION 
@ UNAFFECTED BY CLIMATIC CONDITIONS 
@ VARIOUS TYPES FROM 1-35 ibs PER UNIT 
@ VIBRATION IS BOTH DANGEROUS AND COSTLY 


Write fe for C. atalogue and Price List to 


A.WELLS & CO. LTD. 


M.0.S. TYPE APPROVED. PATENT N° S71026 


STIRLING R° WALTHAMSTOW, LONDON €E.I7. FOREIGN PATENTS GRANTED 





HIGH VACUUM EQUIPMENT 


..- for the smallest laboratory experiment 
... Or largest industrial project ! 


a. VACUUM ECTRON 
DIFFUSION PUMeS COMBINED PUMPING UNITS | | a CEM a. COPRACTION comm 


WATER JET PUMPS 


E EO.(sonson) TD. 30 YEARS VACUUM EXPERIENCE 


LOWER SYDENHAM: LONDON: S-E:26 
Telephone: SYDenhom 7026 (8 lines) Telegroms : Edcohivac, Souphone, London. 
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tungsten 
x-ray 
targets 


fabricated by MUREX 


Murex also manufacture: TUNGSTEN, MOLYBDENUM, 
TANTALUM and ZIRCONIUM rod, wire and sheet, and fabricated 
components made from these metals. 

MUREX LIMITED (Powder Metallurgy Divison. RAINHAM ¢« ESSEX © Telephone: Rainham, Essex 240 


LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1. Telephone: EUSton 8265 























Quantity production of small automatically made pieces in 
teatite, Porcelain, and Rutile materials for electric cooking 
and heating equipment, and telecommunication apparatus. 











GEO. BRAY & CO. LTD., Leicester Place, Leeds 2 
.2 20981/8. Grams.:** Bray, Leeds 2” 





5329 8 
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for Automatic coolant regulation. Movement 
for pressure change. Packless gland to seal spindle 
in high vacua. Reservoir to accept liquid expansion. Dashpot or 
delay device. Barometric measurement or control. Pressurised 
couplings where vibration or movement is present. Dust seal to 
prevent ingress of dirt. Pressure reducing valves. Hydraulic 
transmission. Distance thermostatic control. Low torque flexible 
coupling. Pressure sealed rocking movement. Pressurised 
rotating shaft seals. Aircraft pressurised cabin control. Refriger- 
ation expansion valves. Thermostatic Stream Traps. Pressure 
amplifiers. Differential pressure measurements. Thermostatic 
operation of louvre or damper. Write for List No. M. 800-1 


by ORAYTON 


Drayton Regulator g Instrument Co. Ltd., West Drayton, Mdx. - W. Drayton 26l/ 





| ls WG PQA 






_ SYNTHETIC RESIN LAMINATED 
MATERIALS 


yy 
Yy 


VOTO LD 


We 
Ws 


Sheet, Rod and Tube in all 
dimensions, Bobbins & Coil 
Formers to any specification 





MICA AND MICANITE SHEET 
AND MANUFACTURED PARTS 


MICA & MICANITE SUPPLIES L"’ 


BARNSBURY SQUARE, LONDON,N.|. 


Telephone: NORTH 3032/5 MICASULIM-LONDON 


Telegrams 
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B.M.B. 
STEEL 
BALLS 


from :006" DIA. 
+ 000025" 





We specialise in precision miniature steel balls 
in a range of sizes from .006”. Grade A25 are 
produced to a tolerance of -+ .000025” and Grade 
Al to a tolerance of + .000I” in any one given 
batch. Both grades are fully A.I.D. approved and 
their precise accuracy is proving the answer to 
problems is many industries. 


We also manufacture precision miniature ball 
bearings from 5/64” to 3/16” diameter bore and 
in metric sizes from Imm. bore. The B.M.B. 
catalogue with complete specifications and quota- 
tions can be obtained from— 


Sole Selling Agents for 
British Manufactured Bearings Co. Ltd. 


[B} rin © Bi isat./,/ 


2 BALFOUR PLACE, MOUNT ST., LONDON, W.1 
PRONE 5.2 5.0 0.00 9.0 0» « «.GROsvenae 3155 © lines) 


ELECTRONIC ENGINEERING 











Feedback 


Gutterhead 
AMPLIFIERS 





Type R.A. 3a. 
For use with B.B.C. 
Type B Cutterheads 


MAIN FEATURES 


@ WIDE FREQUENCY RANGE—Up to 20,000 c/s. 





@ HIGH LEVEL OUTPUT—Records velocities in 
excess of N.A.B. Recording Standards (2! cm./sec.). 


@ LOW DISTORTION—Less than 1% Cutterhead 
distortion. 


@ TRANSIENT RESPONSE—Controlled feedback gives 
amazing response at very high audio frequencies. 


@ WIDE RECORDING MARGIN—High power amplifier 
allows wide margin between normal levels and extreme 
peaks. 


@ VACUUM TUBES—Uses latest types of tubes. 


@ STABILITY—Careful design avoids possibility of 
instability. 


For full details write to : 


GRAM@QION 


REPRODUCERS LTD. 


11 HANWORTH TRADING ESTATE - FELTHAM - MIDDLESEX 
‘Phone : Feltham 2657. "Grams : REAMP, Feltham 
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S- 
OVAN ACCESSORIE 
vor THE ELECTRONIC 
APPARATUS MANUFACTURER: 












KS. Made in 
INAL BLOC 
* yee 60 amp. sizes. 


TYPE J 


Type C.30 PUSH-BUTTON x 

U A arranged for mounting Type A.ll A.C. POWER 

on customers’ own cover RELAY - 4-pole with NO. 
plate. or N.C. contacts. 


THE DONOVAN ELECTRICAL CO. LTD 
Safuse Works Stechford Birmingham 9 


SOLONS FOR 

















Use SOLONS for 
the jobs that matter 
—this modern precision 

tool makes soldering 
speedier, simpler and, more 
reliable. 5 models: 65 watt 

with oval tapered and round 
pencil bit; 125 watt with oval 

tapered and round pencil bit ; 240 
watt with oval tapered bit ; each with 
6 feet 3-score Henley flexible. Voltage 
}ranges from 100to 250. Write for folder Y.10. 


He 





HENLEY 
SHON 


SOLDERING IRONS 
FOR INDUSTRIAL USE 


W. T. HENLEY’S TELEGRAPH 
WORKS CO. LTD. 
51-53 Hatton Garden, 
London, E.C.I. 
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The ACRU-PYROBIT 
ELECTRIC SOLDERING IRON 


at the 


FESTIVAL OF BRITAIN 
EXHIBITION 
which proves it to be an 


outstanding example of British 
Craftsmanship. 


COPPER 
BIT 


INSPECTION INVITED AT 
FESTIVAL SHIP CAMPANIA 
(EXHIBIT No. B646) 


THE ACRU_ ELECTRIC TOOL 
MFG. CO. LTD., 123, Hyde Rd., 
ARDWICK - - MANCHESTER 











HIFI LTD., 


150, HIGH STREET, LYE, 


STOURBRIDGE, WORCS. Telephone: LYE 261 











from MINIATURE TRIMMERS to 


Miniature M'ca 
Compression“ Trimmer 


The 3 forms in which this 
compact variable capacitor is 
available make it useful as a 
miniature I.F, trimmer for 
use in small coil packs, etc. 
No. 19, illustrated, is a dual 
trimmer on a common base. 
No. 19a is a dual — “ 
a steel strip tapped 
for mounting. No. f. is a 
multi-way trimmer in 2 4, or 
6 sections, banked in mixed 
capacities to customers specifi- 
cations. Each is tested for 
insulation breakdown through- 
out its capacity range at 250 v. 
D.C. 











Full details of the complete ‘* Cyldon’’ range 
and list of Agents for Home and Overseas 
available from the manufacturers : 


HIGH VOLTAGE 


TRANSMITTER CAPACITORS 


Here are shown just two examples 
from the comprehensive “ Cyldon” 
range. For precision, stability, and 
long life, “Cyldon” superiority is 
recognised by all designers and users 
of electronic equipment. 





No. 25 
Mica 
Compression 
Trimmer 


Although 
suitable for 
very small 
equipment, its 
rangeof maximum capacities—up to 750 pF. 
—gives it wide application. No. 235, 
illustrated, is for chassis mounting or wire 
suspension. (Illustration is of under side.) 

lo. 25g is a multi-way assembly for coil 
packs, fixed station trimming, etc., on a 
mounting plate pierced for chassis or stand- 
off mounting. C units of mixed capacities 
to a maximum of six banks. 











SYDNEY S. BIRD & SONS, LTD. 


CAMBRIDGE ARTERIAL ROAD, 
Phone: Entie/d 207/-2 





SEPTEMBER 


195% 


ENFIELD 











WRIGHT STREET mu 
SMALL HEATH 
BIRMINGHAM. 10 






Phone: Victoria 0223, 2003 
Grams: Small, Victoria 0223. 2003 
Birmingham 


yA 


— af 


a wy in all materials 
PRESSED NUTS Brass & Steel 


PRESSINGS in all Metals, 
Bakelite & Fibre. 

















Cnly COAX 


-S vy id 
\s C&D 
~ 












Hvowarren) impen| ATTEN|toapmc] 
TYPES. 








OD. 

THE LOWEST EVER byytoe teeta 
CAPACITANCE OR [a2] 741131¢ 
ATTENUATION [(A34[73 [0611.5 [oss iu 

r\ 
/MMEDIATE rea Keel a 
A 2.5 | 0.3 

DELIVERIES Vrectigatstee te eiQee 
SPECIALISTS IN AlRSPACED \-£M | 6.3 | 173] 3.2 10.36 
ABTICULATED CABLES SINCE/929 C2 | 6.3 | 171 | 245 |0.44 












































C22 | 5.5 | 184/ 2.8 [0.44 

oF, RADIO a C3 | 5.4 | 197/ 1.9 [0.64 
, C33 | 4.8 | 220] 2.4 [0.64 want 
y C44 | 44 | 252/24 [1.03 
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B.P.L. TEST SETS 


NOW AVAILABLE 


AT NET PRICES 


B.P.L. UNIVERSAL TEST SET 





&5- 18-6 

B.P.L. SUPER RANGER 1,000n/v. 
£13 - 10-0 

B.P.L. SUPER RANGER 20,000n/v. 
£15- 10-0 


Prices include postage and packing, 
and are applicable to Home Market 
only. 


Send your order direct to: 


British Physical Laboratories 
HOUSEBOAT WORKS, RADLETT, HERTS. 
—————— Tel.: Radlett 5674-5-6 


TECHNICAL BOOKS 


H. K. LEWIS & Co. Ltd., invite inspection of 
their stock of books on all branches of Radio 
and Electrical Engineering 
LENDING LIBRARY : Technical and Scientific. 


Annual Subscription from TWENTY-FIVE SHILLINGS 
Prospectus Post Free on Request. 


THE LIBRARY CATALOGUE revised to December 
1949, containing a classified Index of Authors and Sub- 
jects/recently published To subscribers, I7s. 6d. net. 
To non-subscribers 35s. net. Postage Is. 


LONDON: H. K. LEWIS & Co. Ltd. ,136 Gower St.,W.C.I 


Telephone: EUSton 4282 (7 lines) 


























Three piece lead wires — 
jor hard glass seals COPPER a, 


TUNGSTEN 
NICKEL 


Pin Made Jrom gas-free 
Nickel, H.C « ‘opper 
and split -free TUNGSTEN 





ELECTRO-ALLOYS L™° (2 Brunel Rd. London,W.3 
Makers of TUNGSTEN and MOLYBDENUM Products 





‘¢ .B.”” SERVICE (BEXLEYHEATH) LTD. 
5 MAYPLACE ROAD WEST, BEXLEYHEATH, KENT 


OFFER 


SIGNAL GENERATOR, NAVY MODEL, TYPE 
LAD. Frequency coverage 2,700-2,900 Mc/s. Power 
supply 115V 50-800 cp/s. This instrument consists of a 
micro-wave cavity oscillator using a 446B Lighthouse 
tube and is internally pulse modulated. £45. 


MODULATOR UNIT B.C.-1203-A (Test Equip- 
ment IE-45-A). Designed for use with signal generator 
Type 804C or equal. Complete with instruction 
manual. £20. 


TRANSFORMER . Runbaken shrouded. 500 V.A. 
220V, 110V. £3 10s. Od. 








MAGNETIC 
RELAYS 


LARGEST STOCK IN 
GREAT BRITAIN OF RELAYS, 





Government Contractors 
RELAYS P.O. 3000 - Pan - SIEMENS’ HIGH SPEED. 


v. A.C. S0cy. 
ALL NEW EX-MINISTRY GOODS 


JACK DAVIS (Relays) LTD. pepr. ££. 
36 PERCY STREET, LONDON, W.1. 


Phones: MUSeum 7960 LANgham 4821 


















TO RADIO 
AND T/V 
DEVELOPMENT 
ENGINEERS 
This midget pre-set variable resistor with 
new double-slider gives greater stability and 
makes accurate adjustment easier. Designed 
for panel or chassis mounting: available 
in any value from I0 to 25,000 ohms. 





ELECTRIC LTD 





Charfleet Industrial Estate, Canvey Island, Essex. Phone: Canvey 691 
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MICA 


DISCS 
DIAPHRAGMS 


ELEMENT STRIPS 
CONDENSER PLATES 
SPECIAL SHAPES 


RAW MICA 
WASHERS 











=—combines with beauty and 
soundness of DESIGN in the 


AIR 
DIELECTRIC 
TRIMMER 







: 16.5 m/m. Length: 22 m/m. . ae at 


py Sor? 5 m/m. 1.8 to 20p¥—10 m/m. 2 te 
—ll m/m. 2to 32pF—12m/m. Law: Straight 
capacity, Power Factor: Less 


Over 


OXLEY DEVELOPMENTS CO. 


ULVERSTON. NORTH LANCS. 


1. “a 
2,000 megohms. Voltage: 500 D.C. 


LTD. 


TEL.: ULVERSTON 3306 











The modern instru- 
ment for the measute- 
ment of resistance. 
Covers the range from 
0.3 tO 20,000,000 meg- 
ohms in six decades. 
Two test voltages, 85 
and soov are provided 
and a six-inch mirror 
scale meter enables 
readings to be taken 
accurately and quickly. 
The instrument is es- 
pecially useful for test- 
ing cables, resistors, 
condensers and all 
insulating materials. 


The TWENTY MILLION 











MEGOHM METER 


ELECTRONIC INSTRUMENTS LID 


17, PARADISE ROAD 


RICHMOND 


SURREY - ENGLAND 
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for the following examinations : 


THE 


BRITISH NATIONAL 


RADIO SCHOOL 


ESTD. 1940 


~ 


Now in our eleventh year and still— 


NO B.N.R.S. STUDENT 
HAS EVER FAILED 


to pass his examination(s) after completing our appropriate 
study course. Nothing succeeds like SUCCESS and what 
we have done already for so many of your colleagues, we 
can do again for YOU. 


All our courses are conducted by correspondence, on 
INDIVIDUAL lines and our Syllabus includes preparation 
A.M.Brit..R.E. ; City 
and Guilds, Radio, Telecommunications, Mathematics and 
P.M.G. (theory only). Other courses include what we believe 
to be the finest RADAR course available anywhere. 


Free Booklet (please mention this advt.) from 


STUDIES DIRECTOR 


BRITISH NATIONAL RADIO SCHOOL 


66 ADDISCOMBE ROAD, CROYDON 


Phone Addiscombe 334l 
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WILKINSON’S OF CROYDON 


SIGNAL AND NOISE GENERATOR. This Test Set 
Type 210 has a range of 20-88 Mc/s in 4 Bands. Output 
10 M/V. approx. Modulated or unmodulated. Noise 
generator output 5 Microvolts with attenuator, Crystal 
controlled, 2 Crystals, Vernier adjustment. Brand new. 
Input 80 and 115 volts 1,000 cycles, £20, or 230 volts 50 
cycles, 

ELECTRONIC TEST METER Model 664 measures 1/10 
ohm to 1000 megohms in 6 ranges, also AC/DC volts up to 
1000, etc. Complete with instruction book, £27 10s. 
TEST SET 205. Wavemeter range. 3.05 to 3.35 centi- 
meters, built-in oscillator with 9 valves including Klystron 
type CV.129, etc., in good condition, £20. 

THERMO COUPLE UNIT. Type 8. No. 10AB/4604 for 
10cm TX equipment. Glass enclosed on octal base. 17s. 6d, 
RELAYS. SIEMENS HIGH SPEED 2 x 100 ohms enclosed 


in can with 4 pin base, 15s. each. Others available, 2 « 1700 
ohms, etc., also standard P.O. Type 3000. 

TELEGRAPH RELAYS 4140B, 4141A, 4141B. 

19, LANSDOWNE ROAD, CROYDON 


CRO : 0839. 














AMBITIOUS ENGINEERS 


HAVE YOU HAD YOUR COPY OF 
“ENGINEERING OPPORTUNITIES”? 


Whatever your age or experience—you must read this highly 

informative guide to the best paid comes ering posts. The hand- 

ook contains particulars of A.MLI.C.E., A.M.I.Mech. E., 

M.L.M.L, A.M.Brit.LR.E., and othe er important Engineering 

= Examinations, and outlines home-study courses in all branches 

of Civil, Mechanical, Electrical, Automobile, Radio and 

Aeronautical Engineering, Government Employment, 

ay ——— baneee re Plastics, 7 [ocean 

e Guarantee “ NO FEE 

tr vou are earning less Fang £12 oy a em you cannot afford to 

miss reading “ Engineering Opportunities.” It tells you 

everything you want to know to secure your future. Write for 

this enlightening guide to well paid posts NOW—FREE and 
without obligation. 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY BIET 
337a Shakespeare Hse., 17/18 Stratford Place, London W1 
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Just Published 








FLACK, M.I.R.E., Fellow of the Television Society 


Price 6/6 


Electronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2. 


The De Luxe Home Built 
TELEVISOR and RADIOGRAM 


By W. 


This booklet gives all the details necessary for the building of a comprehensive home 
entertainer incorporating a Televisor and a three wave-band radio-gramophone. 

The design of the De Luxe Televisor is based on the well known “ Electronic Engineering” 
Home-Built Televisor and this booklet enables the earlier version to be modified to the De Luxe 
model which uses all the latest circuit techniques and refinements. 


Order your copy through your Bookseller or direct from :— 
































Printed in Great Britain by The Press at Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, Morgan Brothers (Publishers) Ltd., 28, Essex Street 
Strand, W.C.2. Registered fer Transmission by Canadian Magazine Post 
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“ “rectifiers 


= 
for the radio industry 


‘li wp 


HEREVER a radio or teievision diagram shows a rectifier 
jw 


=] 
= 
* 
a operating at 0.5 Volts or higher, at a frequency below 5 mc/s 
e there.is almost certain to be a SenTerCel Selenium Rectifier which 


will do a better job because it : 


* 
@ Saves space and weight. 


© Reduces wiring. 
© Withstands an unlimited instantaneous overload. 
STAND No. 87 


RADIO EXHIBITION 
EARLS COURT 


See our exhibits at 


© Reduces heat dissipation. 
© Needs no “warming-up” period. 
© Saves the cost of a valveholder. 


@ Is practically indestructible in service. 
© imposes no limit on the size of the reservoir capacitor. 








Please @ |s low in cost. 


write 
for 
leaflets 
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SELENIUM 





Registered Office: Connaught House, Aldwych, London, W.C.2 
< rel 
BOREHAM WOOD : HERTS S =. | Sexnfe 
= 2\_RECTIFIERS 


WARWICK ROAD : 


Telegrams : SenTerCel Borehamwood 


RECTIFIER DIVISION : 


Telephone: Elstree 2401 
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The first radio receiver 


assembled, soldered & tested 
at a National Radio Show 


yg Probably the largest working 

' exhibit and certainly one of the 
most remarkable displays ever seen 
at a Radio Show attracted thousands 
of interested spectators to the Ersin 
Multicore Stand at Earls Court. 
They saw staff from E. K. Cole 
Ltd.’s Southend-on-Sea Works 
actually manufacturing EKCO Radio 
Sets from the assembly of the parts 
to the installation of the completed 
chassis in the cabinet. 


The speed and precision with 
which these skilled operatives sol- 
dered every joint was one of the 
outstanding features of the display 
—and a practical demonstration of 
the wisdom of E. K. Cole Ltd.’s 
choice of solder for the job— 
ERSIN MULTICORE—the finest 
cored solder in the world. 

f EKCO Radio Sets 
Mulncore Solder Stand 


These three factors influenced E. K. Cole Ltd. and other leading “ 
television and radio manufacturers throughout the world to NON-CORROSIVE FLUX 
choose ERSIN MULTICORE SOLDER : ERSIN 


€ | 4; 
@ Its 3-core construction, ensuring quicker melting, guaranteed gees jy 
AAS 


flux continuity and speedier soldering without waste. 


@ The flux contained in the three cores—Ersin, a high-grade » THREE CORE 
rosin specially activated to prevent oxidation and to remove oxides SOLDER 


MULTICORE SOLDERS LTO. 
from metal surfaces. MELLIER HOUSE 
ALUEMARLE ST 
LONOON wt 


@ The fact that every joint made with Ersin Multicore is a 

perfect electrical connection and will remain sound and free from tae 

corrosion during the life of the equipment. ~ rhadeg APrireing 
oO 


Ersin Multicore Solder 
Th Sinosl loud Ioldvr tH ih, Veil 


SIZE 1 CARTONS 5/- RETAIL 


| Catalogue Ref. No. Alloy Tin/Lead S.W.G. Approximate length 
| per carton CONTA 


C 16014 60/40 14 13 feet = NOW cong? CORES. op 
C 16018 60/40 18 37 feet ” PSIVE. Fix 
C 14013 40/60 13 13 feet 
C 14016 40/60 16 26 feet 


MULTICORE SOLDERS LTD., MELLIER HOUSE. “LBEMARLE STREET, LONDON, W.1 ¢ REGent 1411 
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